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NOTE.— Explanatory and Supplemental. 



In order to meet the inquiries' of members of the present General Assembly for in- 
formation concerning certain subjects of pending legislation, the State Board of Health 
has authorized the preparation of the following preliminary report on the Water 
Supplies of Illinois and the Pollution of its Streams- The matter has been necessarily 
prepared hastily— on?t/ ten days having elapaed since the results of the last chemical 
ianestigations were received in the Secretary's offi,ce. This hurried " preparation wiU 
also account for the incomplete appearance of the document. It is believed, however, 
that enough is furnished to give a good general idea of the character and scope of the 
work, to foreshadow the results of the completed report, and to determine with sub- 
stantial accuracy some of the most important questions involved iu the biU for an act 
to create sanitary districts in Illinois. 

It will be seen from the following pages that the opinions of the Secretary, formu- 
lated more tlian ten years ago, concerning the essential sanitary interests of the com- 
munities in the Desplaines and Illinois valleys, have undergone no material modifica- 
tion, but are substantially corroborated by these subsequent investigations and study. 
For the remedy of the nuisance created by the drainage of Chicago into the Illinois 
and Michigan Canal and the Illinois river, it is demonstrated that the minimum quantity 
of water pumped at Bridgeport heretofore recommended is absolutely necessary. That 
<iuantlty was fixed by the Secretary in 1879 at 60,000 cubic feet per minute when the 
population draining into the river was less than 400,000. 

Subsequently it has taken the form of a general statement— frequently repeated in 
reports to the Board— that the sanitary interests of the communities in the Desplaines 
i,iid Illinois valleys demand that the sewage of Chicago pumped into the canal shall be 
liluted on the scale of 14,000 cubic feet per minute for every 100,000 inhabitanta as a 
ininimum. In winter, when oxidation is retarded by ice formation shutting out light 
tnd air, by low temperature and by impeded motion, a greater rather than a lesser 
quantity should be pumped. The recent analyses fully sustain this dictum. 

As a matter of fact the average quantity pumped during the period covered by these 
nvestigations did not exceed 45,000 cubic feet during the summer of 1888, and not more 
han 38.000 cubic feet .during the last winter. This quantity is less than one-half the 
ninimum dilution necessary to prevent nuisance at Joliet. 

The city of Chicago should be required to increase the capacity of the pumping 
>Uint at Bridgeport to 100,000 cubic feet at once. With a comparatively small outlay— 
^ay $10,000— the canal can be made to carry this quantity readily although it is probable 
Jiat one or two bridges would require to be raised somewhat. 

For further relief pumps should be erected at some suitable point of discharge inta 
.ie Desplaines river, and these should be of the capacity recommended in 1879, to-wit^ 
-50.000 cubic feet per minute. If such discharge into the Desplaines be secured promptly 
.hen a lesser quantity may be pumped into the canal and the necessity of raising the 
:>ridges would be obviated. But with the sewage of over 800,000 inhabitants already 
j-iliutary to the canal the minimum dilution above specified requires at the present 
>ime that at least 112,000 cubic feet per minute be pumped into these channels. This 
luantity may readily be drawn through the south branch without creating too great 
I current; but it may be necessasy to provide some other source of supply from Lake 
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Michigan for the maximum quantity of 250,000 cubic f<M't which will \)o roriuirod for 
population before the close of the century on the mowt c<»nH<Tvativ«* <'stimat<* of errn^ 

Even if the project for a great waterway from Lake Michigan to the Illinoif; river m 
under way to-day, such additional pumping will be n<'ede(l before the work <*oul« 
completed and made available for this relief of the communiticH in tin' ]ow<'r valh*y 
rehef which is now imperatively demanded as a sanitary necessity. 

While these sheets are in the printer's hands, a report on the sewage of the My 
and Charles river valleys is received. This was prepared in aeeonlanee with insti 
tions from the (reneral Court by the State Board of Health of Massa<^husetts and. > 
its appended documents and maps, forms a volume of i:w o<*tavo i>ag<'s. Plans 
estimates were made for each of the three principal methods of sewage <iisi»nsal, to- 
(1) Discharge of the crude sewage into the outgoing ti<lal currents; (2) jiartial piiril 
tion by intermittent filtration; (3) chemical precipitation and discharge of elTliient 
the tide during first ebb. The plans and estimates for each method were preiuire<] 
engineers specially qualified in the respective methods. Upon review of the i>laii> 
the chief engineer of the Board and an associate consulting engin<'er. the ilrst met 
—that of discharge of the crude sewtigo upon the first of the ebb tide, a method es>- 
tially the same as that of discharge into a non-tidal river of suflllcicin voliim*'— 
selected and approved. 

This result is in substantial accord with the considerations set forth in the f«>Ilo\N 
pages as to the relative practicability of the three methoils. The territory cov»*red 
the report includes an area of 130 square miles surrounding Boston on the north. s« 
and west, and having a population of less than 150,000. The cost of the invest i^^ati 
and report was ^5,000. The Preliminary Report of the Drainage an<l Water Sui 
Commission of the City of Chicago, pubhshed in January, 1887, also cover«^d tl 
methods, to- wit: (1) Discharge of the crude sewage into Lake Michigan; (2) disposal 
land by intermittent filtration; (3) discharge into the Desplaines river. IMans and e 
mates for the first two methods were prepared in sufficient detail to demonstrate tl 
impracticability. 

The discharge into Lake Michigan would involve an expenditure of at h'ast ?37,000 
and an annual expense of over ^2,400,000 for interest and maintenance. Aside from 
cost the Commission rejected this method because, while it might be practicable 
some years to allow the sewage in its crude form to enter the lake under the conditi 
prescribed, the necessity would sooner or later arise for clarifying it previous to 
discharge. The experience of London and other large cities docs not warrant 
adoption of a plan involving such a contingency. 

As to the second method— that of disposal by land— it is apparent from the tenoi 
the report that the Commission was strongly predisposed in its favor, and only ab 
doned it when it became obvious that suitable land in sufficient quantity was not av 
able within tho borders of the State at any practicable distance. Given a sni'able b< 
of land the pLins of the Commission for the disposal of the metropolitan sewage ale 
by intermittent filtration and sewage farming, would require an investment of ab 
358,000,000, with an annual expense of over $3,000,000 for interest, pumping and mail 
nance after deducting the profit from sale of crops. The disposal of the sewage of 
Calumet region would add about 34,000,000 to the cost of this plan, or a total of ^)2,(¥ 
000. 

Compelled to the rejection of both these plans the Commission next took up 
third solution of the drainage problem on the lines recognized by that distinguisl 
engineer, Mr. E. S. Chesbrough, as early as 1856, and fully outlined in the extracts- 
printed in the following pages— from a report to the Illinois State Board of Health 
the "Sanitary Problems of Chicago'" made by the Secretary in 1879.* This solution c 
sists, in brief, of such modification of the conditions which have existed since 18 
when the "deep cut" in the IlUnois and Michigan Canal was completed— as shall sec 



*See page IV et seq., of the Prohminary Report which follows. 



a flow of water from Lake Michigan into the Illinois river ample at all times to dilute 
the sewage beyond the point of offensiveness to the senses or injury to health. As 
shown on p. 65 of the appendix to this Preliminary Report.+ there was iA 1888 a popula- 
tion of 842,300 inhabitants, the sewage of which, so far as it is disposed of at all, is dis- 
charged into the Illinois and Michigan canal by the pumps at Bridgeport. For present 
practical purposes the aggregate water supply may be assumed as the measure of the 
sewage product— any mate ial variation, either as to volume or density, being compen- 
sated for by the storm-water discharge and its incident pollution, the character of 
wastes from stock yards, slaughter houses, etc.,— so that it will not be lar out of the 
way to state the daily sewage product now tributary to the canal at 150,000,000 gallons 
per day. During the summer of 1888, as already stated, the Bridgeport pumps dis- 
charged into the canal 45,000 cubic feet per minute, or 485,280,000 gallons per day. 
Roughly stated, this was composed of one part of sewage and two parts of lake water. 
During the winter the proportion of sewage was somewhat greater, in the ratio of 45,000 
to 38,000— the number of cubic feet pumped in the summer and the winter respectively. 

The Commission finally approved of the project for the construction of an artificial 
waterway capable of carrying 600,000 cubic feet per minute, through the Chicago river 
an<l the necessary conduits, from Lake Michigan to Lake Joliet. This quantity of water 
l)(4- minute represents 6,480,000,000 gallons per day. If we admit that the ultimate popu- 
lation in the area to be drained \v^ill reach 2,500,000, and that its average sewage product 
(150 gallons per head) will amount to 375,000,000 gallons per day, this quantity— 6, 480, 000,- 
000 gallons— would give a fraction over 17 dilutions, or more than sixteen parts of lake 
water to one of sewage, instead of two parts lake water to one of sewage as now. It is 
to be noted that this would be the minimum dilution, and not Ukely to be reached until 
sometime between 1910 and 1915. 

From four different sets of observations— made in the summer of 1886, in the winter 
of 1886-7, in the summer of 1888, and in January, February and March, 1889*— there is no 
hesitation in saying that even this minimum dilution, for the maximum population 
which we are warranted in considering attainable, would suffice to prevent any nuisance 
from Chicago sewage long before it reached Lockport, and that the sanitary condition 
<jf the Desplaines and Illinois rivers would be greatly benefitted in every respect. The 
large amount of dissolved oxygen in the lake water and its freedom from organic im- 
purity would not only hasten the decomposition of the sewage— resolving it into its 
harmless inorganic elements— but in the volume proposed it would assist in the oxida- 
tion of the sewage fi om the river towns, as well as of the large amount of organic 
matter of vegetable origin contributed to the lUinois by many of its tributaries. For 
further details in this connection the reader is referred to the report proper and to the 
two appendices. 

Among other points clearly indicated by the chemical analyses and sanitary investi- 
gations is the necessity of continuous observations of the water supplies of cities, towns 
and villages and of the State institutions throughout a long period. It cannot be too 
strongly urged that these observations should be of a general sanitary character, em- 
]»raeing the source &nd history of the water, its observed effects upon health, etc. It 
will not do to place reliance solely upon the answers to reagents and tests in the 
chemist's laboratory. These, unless taken in connection with all the surroundings, may 
bo very misleading. Water analysis has undergone a radical change within the past few 
years. Even so late as 1881, examinations of water by three separate p:ocesses, each of 
which had its pronounced supporters, gave the most confounding results. Of 19 waters, 
known by long experience to be productive of no harmful effects and regarded as 
wholesome, only 5 were pronounced "good" by aU the processes; 8 others of this class 
were pronounced "good" by some, and "fair," "medium," or "aUowable" by the others ; 3 
were accounted "bad" by one process, 1 by two processes, and two by all of the processes. 
Of twenty waters of more or less doubtful or suspected character, 9 were reported 
**good" or "allowable" by all the methods, 5 "bad" by one, 3 by two. and 3 others by all. 

+The Illinois River Basin in its Relations to Sanitary Engineering. By L. E. Cooley, 
*See pages XXVII-XXX of the following report. 



<J^ 9 wmffs* w^xh vv*^ h*:^^rr^ OD strong croands to faav<«r pr<>ii>^^ difbea^^ amoLi 
-Qboff*- ^^nskjac ife^'B, H vere prcttooiM^ *COod* or 'aDowmble* bj all tb« pixK-^*?^^*^. 
It**' It :«t Wc«e«ft«. 1 by two aod only 3 by alL An Prot J. W. Mai ett, F. B. S^ wb 
^icndiKttM lioF ^'XSBmstKM for tbe XatkHial Board c^ H«ahh. »aT§ in hi^ reiKtrt : I 
» ikc*; yctfisiUK' to deride absoliifcrty upon tbe whokrBOVkfrwrg^ or anvboWom^n^^^ of 
cirisJdiC'v^is^v ^ tii^ aiere a»e of mnj of tbe proe>es9«^ examined for th'' e^timanon 
ccsaaoK iBast«r or ils ««stitiKnt«. It wfll not do merely to throw all *lou\ft» on the $io< 
f.i tiK- i*9C)c8ioa of a rater a« has been more or le^a advocated by writers on watr 
aAaJrsftf^: ^or there are often ttterests of too serioos chanMrter mvolved in §ueh reje«?ti< : 
v,> admit of its beiac deekied on, feave upon reaUr eonrineinfi: evidence of it^ neees-?iit7 
The afflaiF«» is egngen tial, but may beaeeepted aseonclusive only trh^n ^uppl^mentr*. 
>/T tike rerrlitiotts of the mieroscope in bi<4ogieal investigation and iliuiDinate<i by tb- 
kikcnr^iEfd^e to be fomifihed by a sanitary survey and the practical te^t^ of sieknef-^ a&: 
^Si^afiit raSKL Only by eootiiuioas observation and frequent analyse^ '^'rrecrexl by tl^ 
w^viL of the suntary inspector. wiH eommonities take the steps necesi^arv to a^v-ore j 
-Kikc^e^oaBe water supply and to preserve its sources from pollution. It is piirT«*.^sed t 
ifnaamitmjnt this sorreillaBee fjr^T the water supplies of the State institutions, and in tfae^^ 
ti»e rneords of sekoeas and mortality, which may be obtained with greater <*^rtaiDrT 
aak<i *xms f llfi i a» e aB than in eommimities. wiD attom a practical test of the va'oe *A •^o^ 



The iomkediately preceding: observations borrow increased si^niflcanfee from th^ 
text of the last few paces of the report proper. In ilfaistratins the eeneralixation the 
*tfoe mggpegabi of orsanie matter furnished by the tributaries of the Illinois river ii 
their natiiral condition may greatly exceed the assregate furnished by the popalati«>& 
of their respective watersheds or than the aesregate which passes Joliet in the canal 
a&d Desplaines river,* it is not made sufficiently clear that the standard of wholesonienea» 
or unwh&legoinc ne as of a water may not be fixed solely by the results of the ehemica 
determinatioiUu The nature and source of the organic matter contained must be taket 
iiito aeeoont. and the negteet to do this may be imintentionally. but. nevertheless, quitf 
«^erioaeiy misleading. This is now seen to be the case with the illustration noted — page 
XXX, xxxiiL In the final report, when aO the data shall have been considered and eaei 
factor be given its due weight, the general tencM* would suffice to prevent any mis- 
interpretation of such a passage. 

Suikiry typograishieal errors, incident to the haste with which these pages have be^ 
prepared ami put through the press, wiU not escape the notice of even the least critktL 
Fortunately these are of minor importance and do not adleet the general aeeuraey nor 
impedr argument or conclusion.— April S. 1889.— J. H. B. 



Due acknowledgement wiH be made in the completed report to a number of voton 
teers who have greatly assisted in the work by observations and in other ways. 



FBEUHIIARY SEFOET TO THE IlLIIIOIS STATE BOIBD OF lEUTH. 



WATER SUPPLIES OF ILLINOIS 



AND THE 



POLLUTION OF ITS STREAMS. 



By JOHN H. RAUCH. M. D.. Secretary, 



With increasing density of population, and more particularly 
with continuous occupancy of soil, certain questions intimately 
connected with the problem of healthy living press upon the 
general attention and impose additional responsibility upon 
those charged with the protection of the public health. By the 
act of the General Assembly creating; a State Board of Health 
for the State of Illinois, this Board is entrusted with the 
^ ^general supervision of the life and health of the citizens of the 
State." It is charged with the responsibility and endowed with 
^'authority to make such sanitary investigations as it may, 
from time to time, deem necessary for the preservation or 
improvement of the public health." 

Under this authority and in the discharge of this duty, the 
sanitary investigation of the water supplies of the State, and 
the study of the sources, extent and means of remedy of the 
pollution of its rivers and streams, have been pushed during 
the past twelve months with more vigor and on a much broader 
scale than have been heretofore practicable with the means at 
its command. 

This investigation and study were among the earliest efforts 
of the Board, although they were at first necessarily confined 
to pressing emergencies; and it will be useful to give a resume 
of the report of the Secretary on this subject made to the 
Board during the first few months of its existence. This docu- 
ment was prefaced by the following extract from his report on 
Drainage made while Sanitary Superintendent of the city of 
Chicago in 1869 : 

^^From the results of drainage and other sanitary measures 
carried on in this city, it may be inferred that the judicious 
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expenditure of moiieA^ for sanitary puri)08eH iw a houikI maxim 
of municipal economy, and from past exi)erien((» I am satinfied 
that the mean annual death-rate can be n^duced to 17 ])er l,O0(J 
by continuing in force the present sanitary and draina^^* n^^xi 
lations, thereby making Chicago one of the healthiest cities ii 
the world.'' 

This was written at a time when the average annual <leath 
rate of Chicago was over 24 per thousand. Within the subHe 
quent decade the average annual death-rate had \)^m r<'du<*ec 
to 18.48 per thousand, and in 1878 it had fallen to 10. 5, oi 
less than the predicted 17 per thousand. Since that i)eri()cl th* 
death-rate has flWtuated with a general ui)waT*d t(»nd(Micy, s< 
that the average annual mortality for the last ten years h 
over 20 per thousand. To what extent this is due to increas 
ing density of population and other causes, it is not now j)ro 
posed to inquire; the fact itself lends significan(*e and inipoit 
ance to the work of the State Board at present in hand, and 

{)oints to conditions which affect the welfare of the State at 
arge and of every city, town and village within its bordei's. 

The first report of the Secretary" embraced the general resultti 
of over twelve years of previous study, and specifically of in- 
vestigations begun under the auspices of the Board in October. 
1877,* covering the amount and sources of the Chicago sewage, 
its fiow through the canal and extent of dilution, effects o\ 
varying lake levels, force and direction of wind movement, teni 
perature, precipitation and other meterological factors, and 
chemical investigations of waters collected at vai'ious point* 
between Lake Michigan and Peoria. The following preiatorj 
paragraphs are given in full as show ing the comprehension ol 
the importance and magnitude of the undertaking at that time 
The report was addressed to the Illinois State Board of Health: 

Genxlembn:— In pursuance of your instructions, and in the sanitary interests of the 
State, 1 have devoted all the spare time that I could to the consideration of the pollu- 
tion of streams, and especially to the effect of the Chicago sewage on the Dlinois river 

The following report, which is sbmitted at this time because immediate action is 
necessary, contains the substance of my investigations and the conclusions arrived an 
thus far; but it is onJy preUminary to a more comprehensive one which I design to 
submit to you at a future time.* 

The factors connected with the drainage of Chicago, through the Illinois and Michigan 
canal, are many and of a diversified character. To accurately determine the relative effect 
of each, as meteorlogical changes occur during the year, req.uires the closest study and 
involves much labor. The importance of the subject cannot be overestimated, for it in- 
volves the sanitary well-being and comfort of at least one-third of the population of the 
State. I have also conducted similar investigations kWith regard to the pollution of the 
Sangamon river, from which the water supply of the city of Springfield is obtained, and 
of the Cahokia creek, at East St. Louis. 



♦The state Board of Health was organized Julv 12, 1877, and in addition to it« func- 
tions with reference to sanitary matters, it was also charged with the enforcement ol 
the Medical Practice Act, which took efl!ect simultaneously with the act creatlmr the 
Board. ^ 



. A Sketch or Effobts made to Cleanse the Chicago Biyeb. 

From the earliest days in the history of Chicago, the Chicago river has attracted 
anxious observation from a sanitary standpoint, and the anxiety has iucr.^dsed 
with the increased population of the city and the suburbs, especially sin^io the 
river has been the recep^jacle of a large part of the sewage. When a more perfect sys- 
tem of sewerage became imperatively necessary for the health of the city, the widening 
and deepening of the Illinois and Michigan canal to the capacity of a ship canal was 
suggested as a means of at once facilitating the commerce of the city and lakes and pu- 
rifying the river. The one was urged as a proper national enterprise, and the other as 
a vital necessity for the increasing population of the locaUty. In July, 1860, the Sewerage 
Commissioners of Chicago recommended that the canal be enlarged and deepened so as 
to create a constant current from Lake Michigan into the Illinois river, but their sug- 
gestion was not deemed necessary at that time. The pollution of the river increased^ 
however, beyond all expectation, not only by reason of the increase of population, but 
from other causes. Among the latter was the increase in the slaughtering of hogs and 
cattle and the packing of meats. In the year 1860, 306,428 head of cattle and hogs were 
killed and packed, and all of the olTal was passed into the sluggish river. In 1863 this 
business had increased enormously. In that year the number of cattle and hogs slaugh- 
tered increased to 1,029,948, and the oflfal was still swept into the river. There has been 
a vast increase, year by year, in this business ever since, keeping pace with, or even 
exceeding, the increasing volupe of sewage produced by the rapidly growing popula- 
tion. This accumulation of sewage was partially relieved by pumping- works at the head 
of the canal; but the relief ^o afforded could not keep pace with the increase of sewage 
and offal, and in 1863 a remarkable epidemic of erysipelas occurred, which prevailed ex- 
clusively in close proximity to the South branch and to the main river. The great 
amount of animal refuse thrown into the South branch was supposed to have been the 
cause of this epidemic. The pollution of the river from these causes increased daily, in 
1863 and 1864, and on January 9, 1865, a commission of engineers was appointed "to devise 
the best plan to cleanse the Chicago river." 

This commission presented their report on March 6 of that year, and, after discuss- 
ing several projects, recommended that, "in view of the facts in the case, the best plan 
to cleanse Chicago river that we can devise is to cut down tqe summit of the canal, so 
as to draw a suflQcient quantity of water through it from the lake to create the necessary 
current in said river." It was urged, as an argument in favor of the proposition, "that 
the money expended in cutting down the summit of the canal will constitute a part of 
the expense of enlarging the present canal so as to admit the passage of steamboats of 
the largest class, an improvement that must soon be. made." This plan was adopted, 
and, in the fall of 1865, the work of . deepening the canal was commenced. It was com- 
pleted in 1871, and, in July of that year^ water was admitted at the deep cut from the 
river. The cut so made at the head of the canal was six feet, and it was computed that 
at an ordinary stage of water twenty-four thousand cubic feet per minute would flow 
from the river into the canal. 

Effects Of Pumping The Riveb Into The Canal. 

From the year 1860 to 1865 the pumps at Bridgeport were only used to supply to the 
canal such water as was needed for navigation, and their action in purifying the river, 
though marked and valuable, was only incidentaL But in the latter year the Board of 
Public Works made an arrangement with the Canal Commissioners to utilize the pump- 
ing works as much as possible for the cleansing of the river. It happened, however, in 
that year, that unusual rains kept the river in fairly good condition without this extra 
use of the pumps. But the arrangement was maintained, and in 1866 the pumping works 
were in operation for sixty-two days; in 1867 they operated one hundred and fifty days; 
in 1868, seventy-three days ; and in 1869, one hundred days. The amount of water raised 
eight feet by them in 1869 is estimated at ten thousand cubic feet per minute. The effect 
of their operation was marked and favorable, but the result was affected by the operation 
of other causes, which at times aided and at others hindered the purification of the river. 
These causes were the variation in the lake level, the local rains, and especially the 
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oonstant increase of sowagro and offal, resulinflr from the incn^aHing population, and th< 
staughtering. and other business interests. ♦ Theso inttu«'nf<»H wer(» constantly operating 
and it was found necessary to increase the use of the pumps f?ach year, as is shown ii 
the figures stated above, whenever possible, owing to the limit<Ml capacity of the canal 
which also depended upon the rainfall. As the population increased, and. necessarily 
the amount of sewage also, the effect of the pumps in cleaning the river was less marked 
After the water was let into the "deep cut," in 1871, it purified the South branch an- 
the main river, but it was soon discovered that it eff«vtcd no marked change in th* 
water of the North branch. The latter continued to be so foul that in lifT.i the Fullerto 
avenue conduit was begun, with a view to its purification. About the time the deepenin 
of the canal was completed, the slaughtering business was transferred to the stock yardj 
whence the drainage is into the south fork of the South branch, and it was soon appar.'n 
that the drainage afforded by the "deep cut" and the canal ha<l but little influence i 
carrying off the drainage of these estabUshments, though, owing to local and transitor 
causes, the water in the south fork was occasionaUy cleansed. 

The discussion, which follows in the ])rinted report, of th 
causes which affect the flow of watei* from the lake into th 
canal, the varying lake level, rain-fall, barometrical pressui'e an- 
consequent wind movement, etc., will be referred to in anothe 
connection. But the concluding passages of the report, havin; 
reference to a recommendation to the city of Chicago urgin, 
the establishment of the pumping works at Bridgeport, ma 

{)roperly be cited at this point. The report concludes as fo 
ows: 

This will be the first time that the Board has made a recommendation to the city • 
Chicago in relation to its sanitary affairs. There is another view of the ease to whic 
the attention of the municipal authorities of Chicago shoul « be called, which is, that th 
city has no right to unnecessarily injure the material and sanitary interests of ai 
other part of the State. The community of interests wh ch exists between the eitizei 
of Chicago and the inhabitants of the country lying along the canal and river, forbic 
the injury of either by the other. 

It is but just to state that the plans heretofore adopted for the sewerage and draii 
age of the city of Chicago have been made with a view to such change as the futu; 
might require. The deepening of the canal, which was begun in 1865, was not coe 
pleted until 1871, so that the relief afforded by that measure was delayed six years fro 
the time when its necessity was recognized. The pumping works can be rebuilt 
ninety days. My reasons for recommending this course are that the works will f urnis 
almost immediate reUef without great expense, And without interfering with the proje 
of a ship canal, or with any more permanent plan which may become necessary for di 
position of the Chicago sewage. 

That the oxidation of organic matter is promoted by the process of pumping will be se( 
by comparing the analysis of specimens Nos. 16 and 17. No. 16 was taken from the mou 
of tne inlet pipe at the Peoria water works, and contained 83 parts of organic matter 
a miUion parts of water, while No. 17, which was taken on the same day, several hou 
later," after the water had passed through the works, contained only 54 parts. Specimt 
No. 19, taken from the Sangamon river, below the paper mill and distillery, and sevei 
miles above the Springfle d water works, contained 126 parts ; while specimen No. ; 
taken from the oflflce of the Board at the State House, contained but 73 parts. Speeini' 
No. 28, taken from the inlet pipe of the Springfield water works, on December 1 (187 
coatained 86 parts, while No. 29, taken from the office of the Board, coniained but 
parts. 



* It is gratifying to be able to here note, that, notwithstanding the enormous incroa 
of the slaughtering business in Chicago within the past few years, the nuisances ineide 
to rendering and utilization of offal have been diD^i^^^^^^^^* 
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The agency of the pumps in promoting oxidation will be more needed in winter than 
in summer, because, among other things, in summer the Stirling of the water in the 
canal by the passage of boats promotes oxidation, in some degree at least, but, more 
importantly, because low temperatures retard oxidation. I remark that any other plan 
that will afford reUef will involve a much larger expense than this will, and much longer 
time to effect the result. The cost of the pumping works, which were erected by the 
State in 1859 and 1860, to supply the canal with water for the purposes ot navigation, was 
$42,158.24. From the statement of theii operation, contained in the reports of the Canal 
Commissioners, I have computed that they raised about ten thousand cubic feet of 
water per mfnute eight feet high. The building yet remains, though it is leased to 
private parties for a short time. I have no doubt that an arrangement could be made 
witli the Canal Commissioners for its use without any expense to the city of Chicago. 
I am informed that the old lock can be restored at a cost of not more than 810,000. If 
the whole expense of re- erecting the works should be ^,000 or 370,000, an 1 the expense 
of operating them should amount to ^00 per day, it would be trifling compared to the 
benefits which would result I am satisfied that an equitable arrangement can be made 
with the Canal Commissioners for maintaining the works. The fall from the head of the 
canal to Lockport, a distance ot twenty-nine milos, is three feet, and the current between 
those points has a velocity of half a mile per hour at this time. The velocity will 
increase in proportion as the water at the head of the canal is raised, and the increase 
will promote the oxidation ot sewage. After a careful investigation, I am satisfied that, 
with fifty thousand cubic feet of water passing into the head of the canal per minute, 
the main river and the South branch will be purified ; that no nuisance will result from 
sewage at Joliet and below, and that the potability of the water in the Illinois river at 
Peoria will not be in the least affected from that source. An increase of water to sixty 
thousand cubic feet per minute would, in my opinion, take in addition the sewage of 
the North branch after it has once been cleaned out. and would diminish the nuisance 
in the South fork of the south branch at least three-fourths. 

I am informed by practical men that the increase of current in the canal, which 
would result from this increase of water, would not materially interfere with navigation, 
because of its increased depth. The lake level is lower now than it has been for a 
number of years, but, judging by the experience of the past, it will begin to rise within 
a year, and will continue to rise during a number of years. But no improvement in the 
condition of the water in the canal and river can be expected from this cause, for the 
increased fiow into the canal which the higher lake level will produce, will not keep 
pace with the increased sewage. 

The Fullerton avenue conduit is now completed, and an experimental test will soon 
be made. I do not share in the great apprehension that exists in the minds of many 
with regard to the effect upon the pollution of the water supply of the city of Chicago, 
if the water is pumped from the North branch into the lake, at present; but I think it 
probable that, imder certain conditions, it may pollute it.* Pumping water from the 
North branch into this conduit will necessarily cause a flow of water from the main 
river into the' North branch. How far this will affect the flow of water into the South 
branch from the main river under existing circumstances, I am not prepared to say; but 
I do not hesital e to say that when the current is toward the lake, it will be almost im- 
possible to purify the Ncfrth branch in this way, for the sewage of both the main river 
and the South bianch will then flow into it. The water in the North branch, north of 
the conduit, is much less foul than that further south, and it is with special reference 
to the purification of the latter that the conduit was constructed. But under certain con- 
ditions it will happen that the effect of pumping will be to draw off the comparatively 
clean water at the north end of the branch without materially affecting the fouler water 
below, as when there is a considerable supply of water by rainfall draining into the 
branch, which does not amount to a freshet, and changes in the lake level from any 

♦While the Fullerton avenue conduit pumped from the North branch into Lake 
Michigan, complaint was several times made that the water supply of Lake View was 
polluted by it. 
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cause may also produce this effect Of course, when there is a freshet out of the NoftI 
branch the operation of the pumps is not needed for it« purification. At times whm 
the water is pumped from the lake into the North branch its effect will be to create i 
current into the main river and thence throusrh the South branch into the oanal. dindfr 
ishinflr or at times cutting off the supply of water which otherwise flows from the lab 
into these channels. This will add the sewage of the North branch to that of the Boidl 
branch. 

I have already shown that the current into the head of the canal, under the meet 
favorable circumstances, barely keeps the main river and the South branch in a tolen* 
bl9 condition. The addition of the sewage of the North branch to the South braafll 
would render the lower portions of the latter nearly as oul as the North branch nowk 
In other words, it would only amount to a transfer of the nuisance and an increase d 
the nuisance at Joliet and the pollution of the IlliCiois river. At other times* the effei 
of pimipi g water from the lake into the North branch, will be to carry the sewasefroB 
the latter into the lake through the main river, and when the current is sluggish 
cause the latter and. to some extent, the South branch, to become foul and olfensin 
Either way. the sewage will at times find its way o the lake. If it is desirable or neoM- 
sary to pi event this, it can be done by increasing its flow of water from the lake iiit» 
the canal, and it can be done in no other way. 

It is better for the city of Chicago that all the sewage should pass into the canal, but 
it should be so diluted as to prevent injury to the sanitary condition of the oountrf 
below. If 60,000 cubic feet of water per minute at the head of the canal will not create 
the necessary current to effect this purpose, I have only to remark that the amount mar 
be increased up to 100,000 cubic feet, which, acco ding to Mr. Thomas, is the present 
capacity of the canal. Ever since 1872, the south fork of the South branch has been I 
standing mena e to the health of the city of Chicago. Frequently, when foul odors an 
blown across the city, characterizeu by a peculiar sickening, deadening stench, and at- 
tributed to the slaughtering, rendering, and fertilizing establishments, it really oomtt 
from this source. For the purification of this, which is one of the foulest bodies of 
water within my knowledge, various plans have been proposed; among others, the ooa- 
struction of a large sewer and pumping works, for conveying the water either into th» 
lake or the canaL The condition of this water will be appreciated better than any woMft 
can possibly describe it by reference to the analyses of specimen No. 1, from the hoi4 
of the south fork, which contained 539 parts of organic matter in a million, and specimea 
No. 2, from near the mouths of two sewers, which contained 1,233 parts, while speoimea 
No. 4, from the South branch, before its junction with the West branch and South fork, 
contained only 74 parts per million. From the location of the old pumping works, on tbi 
same side and near the mouth of the South fork, I am satisfied that the pumping works 
will, to a great degree, purify this water. Specimen No. 3 was taken from this fork at 
the Archer avenue bridge, some distance from its mouth, and contained only 125 parte, 
showing the purifying effect of the lake water passing through the South branch to H^ 
canaL 

All of which is respectlully submitted. 

John H. Rauch, M. D. 

To the copy of this communication, as printed in the Second 
Annual Report of the State Board of Health, is appended the 
following note by the Secretary: 

Note.— By direction of the Board a copy of the above report was submitted to thft 
Mayor and Common Council of the city of Chicago, on January 12, 1880, and in order i» 
carry out the recommendations therein contained, an appropriation of $100,000 was mad^: 
by the Common Council for the purpose of constructing pumping works at the head d 
the canal. While the matter was pending before the Council, the subject was widely 
discussed by the press, the Chicago Citizens' Association and the Engineers' Club; con- 
ferences were held between the State and city authorities, and an important conventiott 
was held at Ottawa looking to pushing the construction of the ship canal from Lake 
Michigan to the Illinois river. While this last would imdoubtedly afford an adeauate 
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.xid permanent method of disposing of the sewage of Chicago, (provided, that such 
:^nal be made wide and deep enough to properly dilute the sewage,) and while possi- 
bly some of the numerous other plans which have been since suggested would achieve 
kxe result sought for, I see no reason for modifying my conclusion above given, namely, 
t^liat this resort to pumping is the only plan which can be adopted with sulHcient 
►promptitude to accomplish the desired end at "rfn early day." It is immaterial whether 
fciis pumping be done from the south fork through a canal connection via the stock 
^«rds, or by works located at the Ggden ditch and emptying into the Des Plaines river; 
►zr, as is specifically suggested, by re-establishing the pumps at Bridgeport. If this last 
> « done so as to secure a capacity of 60,000 cubic feet per minute when desired, the 
^i,cts and figures cited in the report demonstrate that substantial relief will be secured 
CDF some time to come. With the growth of the city and consequent increased produc- 
-3. on of domestic and mahufacturing wa^es and refuse, the time will arrive when 60,000 
ixibic feet per minute will not dilute the sewage to the point of inoffensiveness, but 
^^hen that time arrives additional works may be constructed at Ogden ditch with a 
■^ apacity of say 150,000 cubic feet, and with these two systems the sewage of a population 
>jP a milUon and a Half may be satisfactorily disposed of. The vital point now is speedy 
'^lief from a grave sanitary danger ; one which not only a^ecta Chicago, but which either 
• lireatens to, or actually does, pollute the water supply of neighboring communities; 
?vhTch seriously menaces the health of the river towns, and poisons the atmosphere many 
cniles south of the source of the evil. Does not Chicago owe it to herself and to her 
lieighbors to act promptly and eflflciently in the matter? Can she afford to invite not 
i^nly epidemic diseases but an increased death rate ? Can she afford to still further incur 
ilie risk of pollution of her own water supply, and that of her neighbors on the lake? 
From the data presented in the foregoing pages it seems obvious that only one available 
cremedy exists for these imminent evils, namely, the removal of her sewage, properly 
fluted, by the water-courses flowing towards the Mississippi river.— J. H. R. 

The work thus beguii in 1877 was continued individually by 
fche Secretary long after that date; but owing to want of 
means the services of professional analysts, observers, and other 
Indispensable assistants could not be commanded until the 
imminence of an invasion of Asiatic cholera led to the appro- 
priation of a contingent fund by the XXXIVth General Assem- 
bly* — subsequently reappropriated by the XXXVth— *^to be 
used only with the consent and concurrence of the Governor, 
upon the recommendation of the Board, in case of the outbreak 
or the threatened outbreak of any epidemic or malignant 
disease * * * ai^(j i^ suppressing outbreaks which may 
occur and in investigating their causes and methods of pre- 
"vention; also in special investigations when required by the 
sanitary necessities of the State." 

With the approval of the Governor, the expense of the recent 
<?hemical analyses, the collection of samples of water, and the 
etudy of the hydrography of the river basins of the State, has 
teen defrayed from this fund, and the results of the work thus 

♦Owing to the continuance of Asiatic cholera in portions of Europe and in South 

JLmerica having direct commercial relations with the United States, and the consequent 

danger of its introduction and epidemic spread in this country— a danger which cul- 

:.iDainated in the arrival of cholera-infected vessels in New York harbor in the fall of 

1887— the Board did not feel warranted in recommending the use of any portion of this 

•tlund for those investigations. It was deemed prudent to hold the entire amount of 

-the appropriation ready for instant use in protecting the State from an invasion of the 

disease should it gain a foothold upon our shores. Fortunately this calamity was 

averted, and meantime the original appropriation lapsed and was covered back intact 

into the State treasury, whence it was reappropriated by the XXXNth General Assembly 

as already stated. 



accomplished, year by year, have been published in the ann 
reports of the Board, and in the records of the proceedings 
various meetings. The most important of these, prior to 
preliminary report on the work of the past twelve months, 
to be found in the Ninth Annual Report (for 1886), pa^es i 
xiv, xxix, XXX, xxxix — ^lix, Ixiv — Ixvi; and in the proeee<Sng8 
the meetings, January 13-14, and April 21-22, 1887. At 
January, 1888, meeting, the quarterly report of the Secretapv- 
after recounting his action in connection with the cholera im 
portations by the steamers Alesia and Bntannia. and discussing 
the question of immigration as affecting the public health — coi 
tinues as follows : 

Turning from this consideration of the subject to our own duty as a State Board ■ 
Health, the occurrences above dwelt upon fully justify all the efforts made durinar the pifl 
four years to perfect the sanitary condition of the State, and emjihasizo the nocossityfJ 
their further continuance. The results of the unparalleled drought of the past year de» 
onstrate the importance of a vigorous prosecution of the iuvestjgation into the sources d 
and remedy for the pollution of streams and the character of the water supply, not onlF<i{ 
cities, towns and villages, but of the country generally throughout the State. Coupled wWt 
the chemical and biological examination of water supplies, it is designed to utUize tti| 
data obtainable by collecting the various, borings made in many parts of the State fdi 
-coal, artesian wells.-gas, &c. These should indicate the character, extent and availabiBil 
of our sub-surface water supply, and the results of this study and research, while be&H 
directly in the line of sanitary interests, will be profitable from an economic standpoiflt 
Only less important than the prevention of disease and premature death thereby, woitf 
be the knowledge which sl\ould enable the farmers, stock-raisers and others to remedji 
as far possible, the results of prolonged dry weather, and to supplement the ordioaiT 
sources of supply from the underground reservoirs. 

Illinois, though suffering, has, fortunately, been spared the widespi ead disasters whkk 
have been caused by drought during the past year in neighboring States, but the modi 
of cholera propagation and the extent and severity of a cholera epidemic dopendinu ■ 
largely upon the character of the water supply, we cannot rest satifled until every coifr 
munity in the State is assured of the best attainable condition of this great sanitai! 
necessity. Wherever typhoid fever spreads beyond sporadic cases, and wherever diarriiri 
and dysentery are unusually prevalent, it is safe to assume that Asiatic oholera ma 
become epidemic if the specific contagion be introduced, and it will be wise to remeil 
the conditions which cause such spread and prevalence before the graver disease ibt 
get a foothold. 

Touching this portion of the Secretary's report, the foUowiM 
resolution was adopted by the Board at this meeting, to-wit 

Resolved, That the necessary preparations be made 1o carry out the rccommeiidl 
lions of the Secretary in his Quarterly Report in regard to the investigati n of waM 
supplies and the pollution of streams, and also with reference to the sanitary ' surveyl 
-with a view to placing the State in the best possible sanitary condition during the oo» 
ing summer. l 

At the April, 1888, meeting the Secretary reported that — 

Work on the investigation of the water supplies of the State has been impeded tl 
some extent by the high stage of water in many of ihe streams, and lately by the eS 
cessive rainfall over large areas. Considerable progress, however, has been madi 
Time tables for the collection of water supplies at various points— 23 in number—betwofli 
Chicago and Alton have been constructed, so as to make it practicable to follow thi 
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»nges, by pollution and purification, in a given body of water from the time it leaves 
i-ke Michigan until it flows past the city of Alton. Reports of the chemical and biolo- 
3al examinations are re -eived in the Secretary's office. 

Except with the injerruptions noted, samples of water are now collected and exam- 
3d. once a week at Chicago (lake water), Bridgeport, Lockport, Joliet (above and below 
;y), Morris, La Salle, Henry, Peoria, Pekin, Copperas Creek Dam, Havana, Beardstown, 
sari and Grafton, on the main stream; and from the Kankakee, DuPage, Fox, Big 
srmilion and Little Vermilion, Sangamon and Spoon tributaries. Samples will also 
> taken from Alton and East St. Louis (Mississippi river water), and from other points 
found necessary in the course of the work, which will continue six months or more. 

In each sample the following de:erminations are made: Total solids, suspended 
atter, nitrates and nitrites, chlorine, hardness, free ammonia, albuminoid ammonia, 
:ygen consumption and color and odor. By continuing the work through so long a 
jriod, and by making the analyses as fully as outlined, it is hoped that the effect of 
<5idental variations will be practically eliminated. The amount of flow from some of 
.e tributaries is pretty well known, and before the end of the summer it will be known 
r all, so that we will then be in possession of data complete enough to enable us to 
ve a fair answer to the question. What is the rate of oxidation in the Illinois river in 
flow of -^00 miles, with sources and amount of contamination, and amount of dilution 
•om tributaries, practically known? 

The results obtained thus far in this investigation show the importance of a study 
f the tributaries. The waters of some of these appear to contain a great deal of decay- 
ag vegetable matter. The character of these waters will be thoroughly studied, as an 
.nderstanding of them is of the highest importance to the sanitary welfare of ihe com- 
aunities supplied from such sources. The public water supplies of some of the cities 
nd towns are also being investigated. 

The investigation of the underground water supplies is making satisfactory progress 
-records from some 60 different localities, in all parts of the State, having been already 
ecured. 

Eeverting to the report of 1879 and its recommendations, it 
8 well known tliat the pumps at Bridgeport were replaced, 
ifter delay from various causes; but the capacity re- 
commended as a minimum ten years ago is not secured 
>ven at the present time, and the pollution of the Des- 
^laines and Illinois rivers, and the protection of its own water 
mpply still press upon the attention of Chicago. In 1886, a 
Drainage and Water-Supply Commission was created, for further 
jtudy of the subject, and after a year's investigation and the 
expenditure of some $70,000 in the collection of data, surveys 
a^nd exammations, tne Commission arrived at substantially the 
3onclusion set forth in the first report to the State Board of 
Health on the subject, to-wit: *^The disposal of the sewage of 
I)hieago, properly diluted, by the water-courses flowing towards 
the Mississippi river." 

In their preliminary report (January, 1887,), the Commission- 
3rs outline the main features of the only three feasible methods 
of disposing of the metropolitan sewage, and give the results 
of the investigation to date, together with a general conclusion 
as to the preferable method and an approximate estimate of 
cost. But they add that they **are not able as yet to give 
either conclusions or detailed statements of the probable expense 
regarding all parts of the proposed work, and must defer them 
until the final report." 
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ThiH preliminary rejwrt wa« pnbliHhf*il more than two y* 
ago, and Hince that time no enort ha« l>een made toward 
further utilization of the data aocumulateil, nor ha« anv 
tional work been done, except that indicated in the folio 
remarkft of the Comminsion — ^that iH to nay, the work now 
prosecuted by the State Board of Health : 

**The proper degree of sewage dilution in the new channel 
manded a careful investigation. When sewage is mingled 
a sufficiently lar^e quantity of water it not only becomes ii 
fensive, but readily finds the oxygen, which gr-adually puri 
it. When the surface is covered with ice a greater dilution 
necessary for this purpose than at other times when there isi 
constant replenishment of oxygen from the air. The propofl 
waterway should, of course, provide immunity from offense i 
all times. 

**The information upon which definitely to decide this qw 
tion will l:>e given in the final report, as the data have not j 
been all collected, owing to the necessity of making actual t« 
of the oxidization of the canal water under the ice,^ which iH I 
ing done for the use of the Commission by Dr. J. H. Rauc 
Secretary of the State Board of Health. The summer conditio 
are presented in his late report on the Water-Supply and Se 
age Disposal of Chicago. The result of these analyses will 
compared with those of other streams that are also pollut 
with sewage, in order to show the rate of oxidization with vaj 
ing degrees of dilution and aeration.'' 

The connection of the State Board of Health witli an inve« 
gation which, at first sight, might seem to be purely local ¥ 
be apparent when it is considered that the sanitary questic 
involved affect not only the metropolitan area of Chicago I 
the entire basin of the Illinois-river valley, embracing abc 
one-half of the entire State and nearl^^ two-thirds the total p< 
ulation. But the work of the Board in this direction in by 
means confined to th^ valley of the Illinois; it already covi 
over 3,500 miles of water-courses — ^in fact, all the streams 
Illinois except the Rock river in the northern and the tributar 
of the Wabash and Ohio of the Mississippi below E. St. Louis a 
as well as the water supplies of all the State institutions and of 1 
majority of the important cities and towns. An enormous mj 
of data has been secured, embracing over 1000 chemi 
analyses of various waters under different conditions — showi 
the total solids, suspended matter, nitrogen in nitrat.es, chl 
ine, hardness, free and albuminoid ammonias, and oxygen-ct 
sumed determinations; the meteorological conditions for 
series of years as to temperature, precipitation, etc.; the ph^ 
cal conditions as relating to questions of sanitary engineerinj 
geological formations, areas of watersheds, inhabitation 8 
other sources of pollution, manufacturing, industrial,. etc.; 2 
other factors of the exceedingly complicated problem. 

With the working force at the command of the Board it } 
be the labor of many months to sift, digest and put in av 
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able shape for use this mass of material.- It is not known that 
any work of such magnitude has ever before been undertaken in 
any country. There has been an' immense amount of labor ex- 
pended in investigatino; the questions of sewage disposal, water 
supplies and rivers pollution in England, and royal and metro- 
politan commissions have been formed for this purpose, with 
large grants of money and the services of experts in all branches. 
Similar undertakings have done mnch on the Continent and 
especially with reference to these questions as affecting Paris, 
Berlin, Vienna and other large centres. The results arrived at 
in the old world have been carefully studied, as well as the ex- 
perience and investigations in this- country; and in this way, by 
the process of exclusion, the work has been carried on upon the 
most promising lines, avoiding labor and effort in directions 
which have been demonstrated to be unprofitable. 

Without dogmatizing upon the results which are believed to 

be settled by the work thus far accomplished, or venturing 

opinions on all matters of detail — many of which are still 

jsub judice — this preliminary report is confined to an outline of 

the field attempted to be covered and the general principles 

: guiding the investigation. These latter are fairly well set forth 

; in the succeeding discussion of tho nature and properties of 

"r sewage, its relations to health and disease, and the methods of 

; sewage disposal, based upon the physical conditions of the 

- area under consideration. These conditions are embraced un- 

' der the general head of hydrographical investigations, which lie 

at the foundation of all discussion pertaining to the rivers 

" and streams and the water supplies of the interior of the 

State. 
^ The data for a discussion which shall be sufficient to reach 
the essential truths in hydrography can be had, but their col- 
^ lation and digestion are very laborious and require consider- 
3 able time and some expenditure. 

^ Mr. Cooley has undertaken this work for the Board so far as 

' it pertains to the basin of the Illinois river and to that of 

^' Lake Michigan — an area of about half the State and that of 

^ most immediate importance. It is the intention to complete 

: a report from the material now most accessible, which will 

clear the ground and define more fully thQ direction which must 

be taken in order to colleet and utilize all the information 

which may be had. When this work is completed it will be of 

xriore sanitary and economic value and importance than any 

other physical investigation which can now be underta.ken. 

The material for a preliminary report has been largely worked 
over, but at this time, the following matter only has been pre- 
pared : 

A discussion of the general physical characteristics of the Illinois 
€ind Lake Michigan basins with the general effect of inhabita- 
"tion ; 

A more detailed discussion of a part of the principal tribu- 
"tary basins; 
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And a partial report of the distribution and chan^^es in poi 
lation upon the two basins. 

It is intended, as soon as practicable, to complete the 
cussion of the several tributaries, to complete the popula 
discussion, and to add a discussion of the Illinois Valley pro^ 
and also of the physical* effects which may be produoea bj 
large and uniform supply of water from Lake Michigan. 

It wag the intention, and every effort has been put forth, 
have this matter in readiness at* this time; but the ex 
importance of the conclusions to be reached and the great 
and labor, as well as time required to digest the material ha 
made this impracticable. Still, sufficient progress has 
made to indicate clearly the general result. 

The upper Illinois watershed is underlaid largely by im 
meable, non-waterbearing rocks which furnish a scant su 
of water to maintain the minimum flow of the streams, 
rock is covered largely by unmodified drift deposits, which 
impermeable. The consequence is that the streams are 
almost wholly by surface drainage; thus the flow in them 
profoundly dependent upon immediate meteorological conditi 
in regard to rainfall and evaporation. There existed, howevw, 
in nature on a large proportion of the. area lakes, marshefl) 
bogs, and wet prairies, while timber covered the ridges and hishei 
knobs; and the banks of streams, or those poilions oi the 
watershed which were dryest, naturally drained on account oi 
the more permeable surface. All this exercised a reservoir acti(» 
upon the waters and distributed them more equably to tita 
streams. 

Upon watersheds in which the deposits overlying the rock ai« 
permeable, and the rock permeable itself, inhabitation produces 
no material change. Such characteristics do not obtain in the 
upper Illinois basin except to the most limited extent. 

The surface drainage continually going on in the general tiUnf 
of the heavier soils, the ditching-out of the sloughs, bogs ao3 

Erairies and the wholesale reclamation of the great marsh aireas 
y drainage districts, destroy all the natural reservoirs for tl» 
equalization of flow to the streams, except those formed by iM 
lakes especially developed upon the watershed of the Fox. li 
lieu of such reservoirs the surface is generallj^ left more permeft- 
ble, and to this extent is regulative ; but after periods of droughty* 
or even the long dry weather of the later summer so charafi- 
teristic in this region, this effect is lost, as compared to natural' 
conditions, upon all areas not continuously saturated with wat»J 
Upon such areas the effect is radical so far as the impounding^^ 
of floodwaters and the maintenance of the minimum flow ai« 
concerned. 

It is current opinion among those living adjacent to the watw- 
courses, that perceptible effects have already occui-red. A de- 
tailed consideration of all the changes that may be affected by 
inhabitation within the next fifty years, shows clearly that the 
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most radical alteration in the flow of the streams will result, 
and it seems possible to predict clearly what the nature and 
extent of these changes will be. 

From the data set forth in the appendix,* it is concluded that 
the flood contributions from the Desplaines will not be largely 
increased, while the dry-weather flow may be reduced one-half 
to two-thirds its present amount, and that with certain changes 
which may be effected in the regimen of the river near Summit, 
and which do not involve the drainage of Chicago, the maximum 
may be increased over 70 per cent. 

The drainage of the great marsh areas in the Kankakee basin 
will, however, produce the most profound effects. It is expected 
that the flood volume will be increased over four times at Mo- 
mence, and the low-water volume reduced to less than one- 
eighth its present amount. At the mouth of the river the flood 
volume will be about doubled, and the low-water volume reduced 
to about one-sixth. In addition to this, as the immediate un- 
derlying deposits of these marshes are almost wholly sand and 
g-ravel and the grades steep, it is anticipated that until these 
drainage ditches have enlarged and reached a condition of sta- 
bility in more resisting deposits, gi*eat quanties of detritus will 
be canded to the Illinois. 

The effect of inhabitation upon the Fox will be less pro- 
nounced than on any other tributary. Still the floods will be 
sensibly increased and the minimum flow diminished. Mazon 
river and Bureau creek now run practically dry in some seasons. 
This period will be simply prolonged and floods increased. The 
two Vermilions have not yet been considered, but springs fi*om 
the rock give them some low-water flow which is permanent. 

The general effect upon the Illinois will be to increase the 
floods by 30 to 40 per cent, down as far as the Sangamon, and 
perhaps to a lesser degree below. The low-water volume will be 
reduced to say one-fourth or one-flfth its present amount above 
the Fox; to less than one-half below the Fox; to about one-half 
between Peru and the lower tributaries; and, perhaps, by a 
lesser amount in the lower third of the river. 

A considerable proportion of these effects will occur within a 
few years as a result of wholesale reclamation projects. They 
will be accompanied by an enormous increase in the supply of 
detritus. This supply will not keep up indeflnitely in the future, 
but at all times it will be multiplied over past conditions, 
owing to the increase in tillage and the more complete ditch- 
ing of the lands. 

The effect upon the upper Illinois above Utica will be to in- 
crease the height, range and frequency of overflow, and per- 
haps to cover the lands with infertile deposits of sand. This 
portion of the river has, however, ample declivity and the bed 
will not be materially choked by such deposits. The effect upon 

* The Illinois Biver Basin in Its Belations to Sanitary Engineering. By L. E. Cooley, C. E. 



XVI 

thf alluvial wection of the lUinoiH from Ttica to Grafton, 2 
niik*H, will lie rnoHt profound. 

The ^ade of the river in low water does not exeeecj 26 k 
or in only about 1% inelieH per mile. When the Illinoin m hi 
and the MiHHiHHippi low it has l>een an ^eat as 35 feet, and 
the contrary witn a low lUinoiH and hi<j;h MiHsisHippi ba<*kwa 
HonietinieH extends to Peoria. In fact, there have been hi 
waters in the Mississippi which would give five feet at Pen 
no water went down the Illinois. 

The area of the bottoms is aliout GOO scjuare miles, entir 
ovei'flowed in high water to the second bottoms or terrac 
In farrt, the banks are only about 12 to 14 ff»et high clown 
Henry, and from 8 to 12 feet thence to the mouth, while flo 
heights are double these amounts. Only a small proporti 
of the entire bottom area is cultivable, a large proj>orti 
being in lake, bayou, slough and marsh, and still another p 
tion HO low as to be only available for grazing. That tb 
conditions are generally unhealthful it is unnecessary to say 

The natural river has never been able to maintain an effect 
channel against the washings brought in by the tributar 
even when the watershed was unbroken by tillage. The obstr 
tion of the stream by dams has increased the tendency 
deterioration which in any event would accompai»y the inha 
tation of the watersheds. The evidence is undoubted tl 
deterioration of the main channel and choking of the beds 
streams across the bottoms with local overflows are going 
at a rate which is directly noticeable. 

All streams of an alluvial character that are adjusted to th 
work of carrying the detrital supply and of similar volume 
the Illinois, have grades several times as great, with th 
banks built up usually to extreme high water limits, and 1 
velocity required to clear aird maintam the channel free fn 
deposits is upward of two miles an hour. None of these con 
tions here obtain, the Illinois having a grade only conipara 
to the Mississippi at New Orleans or to the outlets of the gr( 
lakes, running deep and with enormously greatei* volumes so 
to give a channel-maintaining velocity. 

The ultimate natural effect of the changed conditions in 1 
lower valley of the Illinois, will be to convert it into a cont 
uous marsh, without well defined drainage lines other thai 
ehain of sloughs, except, perhaps, at the lower end, gradua 
filling up its bottoms until in ages of time it may probal 
become adjusted to its new^ labors. It is doubtful if man c 
counteract these tendencies or more than postpone their c( 
summation without a radical change in conditions. 

It is evident that the only stream which will be in liarmo 
Avith all the requirements is one of such large and constant v 
ume and great depth as will gjve suflScient velocity to niainti 
a channel upon the present grade. If w^e could suppose si 
large and constant volume to oe permanentlj^ drawn from Lg 
Michigan, its results would be wholly beneficial after the imr 



xvir 

diate teinporarj effects aec^oinpanying its introduction are over. 
The (juicker this is done the sooner will the present deteriora- 
tion be arrested and the stream prepared for its growiiig duties 
as a drain to its watershed. 

The first effect in raising the water surface, except immediately 
at Peru, will be less than that now occasioned by the existing 
dams and those in process of construction. If the dams are 
taken out and such improvements made in the bed of the 
Htream, in. conjuction with the introduction of a comparatively 
small volume of water, as will make it useful for navigation, 
the present conditions will not be reached at any point, and 
through natural and artificial forces the gradual improvement 
of the channel will go on, with a certain improvement in flood 
height and in the condition of the bottom lands. In fnct, only by 
such a plan is there any hope for a permanent reclamation of 
the lower Ilhnois valley, or relief from the changed conditions 
wrought by inhabitation. 

Except as to a limited extent of the bottom lands, it is pos- 
sible to make such alterations in the bed of the river above 
Utica, as will largely avoid any ^11 effects from the introduction 
of a steady and uniform volume, and no doubt this will be the 
Toast expensive and most in harmony with public policy. Should 
a radical improvement be made for a channel of large depth 
the conditions will be profoundly and favorably changed. 

Whether a channel supplying a large and uniform volume of 
Avater from Lake Michigan, is now justified or not for the needs 
of the city of Chicago, it is a serious question whether outside 
State interests in the near future may not be served thereby as 
an economic and sanitary provision. There are many large and 
gTowing cities situated upon the streams of the Illinois water- 
shed, several of them in the immediate valley. In very few 
instances are these cities so situated as to make land disposal 
of their sewage at all practicable and in others only at very large 
expense. Chemical precipitation thus far has only succeeded in 
removing about one-half the putrescrible matter, the effluent 
g:oing to the river. So far as science may now determine, the 
cities of the Illinois valley must, perforce, use the river for sewage 
disposal. 

In the case of the city of Joliet, the natural flow of the stream 
is inadequate at times to dilute the sewage of a population of 
1,500 people, and of less than 5,000 for several months of each 
year. At Morris, it will in the future be inadequate at times for 
40,000 people, and from Peru to the Sangamon for 125,000 
population. In some recent dry-weather years, over half the 
low-water volume down as far as Peoiia has come from Lake 
Michigan, and with it the sewage of Chicago. While the fish 
have not been disturbed at such times below the Kankakee, 
except in winter, yet below Peoria the organic wastes from the 
distilleries and cattle pens so pollute the water as to kill them. 
It is a question whether the present sanitary condition of the 
lower Illinois would be not worse if the flow of water from Lake 
Michigan were excluded. 
—2 
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111 a stream hir^ely of HUiface drainn^v like tlie IlliiioiH, it 
api)areiit that the a^«i:re^ate orpiiiir mattei-H <*<>iitribu 
annually from tlie ve^(»tation whidi ^rowH hixuriaiitly overi 
entire watershed, and which has be<»n rontribut^Hl for a^:P8, 
far greater than that pro(lii(*ed by all the inhabitantH who 
live upon it or drain into it, and tlnit so far oh itH effect 
health is con(*erned this may be just as potent in br 
disease. The analyses of the waters in th(»ir natural condi 
when compared with the total volume throughout the sei 
makes this api)arent. It is also appnnMit that they do 
afford a commendably potable water for domestic UHe. 

If a channel for su])plying a larj»:e volume of water from 
Michi<!:an is constructed, it is a matter of economy fi'oiii an 
gineering standpoint to give it (le])th rather than gi-eat wi 
as far as Lockpoi*t and ])erhaps to Lake Joliet. As has 
been shown, the physical conditions of the lower river deiii 
that it be deep rather than wide for effe<-tive work ; Huch 
be the natural tendency and this may be greatly asnisted 
relatively slight artificial means. With these two factors iixi 
it is probable that the intermediate river will be inij>roved 
the same scale. 

From the impoi'tant national features of such a channel a 
the relations that the lakes may bear to the Missisnippi it 
not likely that the fli*st effoi*ts will be the end — that the voluim 
furnished nmy not be greatly increased in time. The consumma 
tion of such works if judiciously develo})ed will be wholly bew 
ficial. 

Further study of the data already accumulated, and verj 
possibly additional data, will be recpiired to determine ^^^tl 
ac(?uracy the limit necessary for the effective dilution of sewage 
but enough is now known ito make it safe to say beyond doiitt 
that the limit is within the practi(*al means of acconiplishiiieiit 
It is hardly supposablo that any body of men responsible fa 
large expenditures would make a mistake in this pai'tioular, 
ie(;t, as thev are at all times, to the fundamental law \\ 
would render all their expenditure useless in the event of ai 
unsanitary condition resulting. Still it is a matter in which th 
State Board sfiould be authorized to exercise discretion in th 
interest of communities whose sanitary welfare ma v be directl 
involved. 

The distribution of population, to which much study has bee 
devoted, is most instructive and interesting. As sanitary ma 
ters relate largely to communities, the increase in town and oil 
growth is significant of the constant need of fuller sanit«ary pr< 
visions. It is also noticeable that the urban poi)ulation of tl 
city of Chicago is about equal to that of the balance of tl 
State, double that on the Illinois watershed and many tini* 
that in the Illinois valley. These facts are matters of deepe 
interest in considering the necessities of the metropolis and wa 
rant the most liberal spirit consistent with no material impai 
ment of the rights of the lesser communities. If the solution 
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^jhe sanitary iiec'essities of oue of the most 'important (dties of 
^ohe country can be made of like benefit to many other com- 
munities and of vast importance to the commercial, economi(* 
and sanitary interests of a large portion of Illinois, there 
^^^hould be no question as to a wise State policy on the subject. 
♦Nor, on the other hand, should there be any risks incurred 
^through action based on imperfect or inaccurate information. 
"The fullest study should be made of all the factors in a problem 
'of su^;h magnitude and complexity. 

To what extent this study may be carried can be only faintly 
outlined in this preliminary report. The nature and properties 
of sewage, its relations to health and disease and the various 
methods of disposal all demand careful consideration. Broadly 
St I ted, sewage comprises all the wastes of a town which can be 
carried off by flow in pipe or conduit. What to do with it has 
always taxed the resources of civilization. To allow it to satur- 
ate the underlying «oil and the ground water, or to pollute the 
water supply, is disease breeding. Its unguarded decomposition 
is neither healthful nor tolerable. The problem has usually 
been solved in the simplest and cheapest way possible, consist- 
ent with the rights of others. 

Contrary to popular belief, experience has shown that sewage 
is not of great value as a fertilizer. Its chief constituents are 
"the animal wastes, in both solid and liquid form, and even the 
polluting elements of the solids are soon dissolved, leaving com- 
paratively inert matter behind — ^the ashes, as it were, of the 
oombustion process which we call decomposition. These con- 
stituents, the urea principally, undergo easy and rapid decom- 
position, dissipating the fertilizing elements in the form of am- 
moniacal gases. By the time sewage can be applied for fertiliz- 
ing purposes, it has usually lost much of its value. To realize its 
utility, it should be collected before it becomes diluted with 
Avater and then mixed with non-fertilizing elements, and ,fixed in 
form to be used at convenience. This has been tried in the pail 
j^ystem for closets, and abandoned — ex(*ept in small places — for 
t^lie present system of plumbing in connection with water-car- 
iiao:e and a public water-supply. 

For untold ages, since the waters were gathered together, the 
earth has been clothed with verdure and filled with animal 
forms — organic life that dies and undergoes dissolution, sending 
to the air, the soil and the waters the products of decay; how 
much of life we cannot tell, but the limestone, the marls, the 
carbonaceous deposits, the residual oils in the rocks and the 
])ent-up gases bear witness to some small fraction. And still 
the world is habitable. 

Sewage, like all other organic matter, undergoes decomposi- 
tion, and in much the same way. A low-water volume of 90,000 
cubic feet per minute in the Ohio river receives the sewage of 
Pittsburg and Allegheny, and is visibly polluted; after receiv- 
ing similarly polluting accessions from other towns, the water 
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iH jmmped for tlie public snuply of ('iiiriuiiati: nncl whf^ii (i 
ciniiati huH <-oiitiibnn*<l itn flltli tlir wnt<»r Ik ])uni]iefl for Looi 
ville. Minnenpolis nii<l St. Paul sond tlio Hf»wn^e of over 4<iH 
000 ppoi)Ip into tho MisHiHHippi. with a voluiiif* of 400,000 
at low water, and cities and towns 1m*1ow uhc the wiiter. 
cago HendH its sewage to the IliinoiK. and ice has lieen cut 
Peoria lake for local use and export: if it were much polluu 



the melting and HubHequent heating would discloKe the efflunl 
to the senseH. Pollutuni diHaj)jH*arH wit 
and water, eaii:li and air are tlius purified. If the supply 
water or of eai'th or of air is sufficient, the results are 
gi'eatly different from those obtaining every whei-e and (constant 
dissolution completing the cycle of all of nature's operations 
organic life. It is, in a sense, a (juestion of degree: if we cqf 
centrate too much, the results are undoubtedly actively p 
dieial to health. liut there are gross exaggerations in thental 
ments on this point. We could not live, if all were true th 
has been written u])on the subject. 

Decomposition is largely a vital process, bacteria feeding oi 
organic wast^es, digesting or reducing to a lower ])lane, break 
ing up the comj)lex substances with the evolution of varioi 
gases — not unlike the higher tyi)es of life, and the products 8« 
similarly dangerous if to.) much concentrated. The gases gett 
rated in the vital processes of human life are poisonous, asi 
a crowded room ; and we therefore i)rovide ami)]e ventilatiot 
Finally, in all these vital processes, the com])lex organic snk 
stance is reduced to its inorganic elements. 

These lower types, these micro-organisms, are a world in then 
selves, of different families, groups and varieties, and their growtt 
and multiplication play an impoi-tant part in the vaiious pi* 
cesses and varieties of fermentation and decay. Their germs aw 
everywhere presetit to plant organized matter. Heat kills theni, 
and hence we cook meats, vegetables and fruits, and seal i 
air-tight cases. The desiccating winds of the **far west" saj 
their vitality, and there meats dry up in the open air withoii 
decaying. Freezing renders them dormant for a time. Anti 
septics destroy them. The great triumph of modern surgery i 
the Listerian method of performing operations in a sterilize 
atmosphere, and using antiseptic w^ashes and bandages, thii 
excluding or destroying germs from wounds, and avoiding su] 
puration, painful healings and blood-poisoning. 

Butter becomes rancid, meat tainted, milk soured, — these ai 
varieties of the vital changes. We use salt or smoke (pyrolij 
ueous acid), or cook the substance so that it will keep. "Hea 
moisture and the presence of oxygen make all organic matt 
suspectible to bacterial life. When the food is exhausted, t 
bact;eria become capsuled or encysted, as it were; they are th 
more difficult of destruction, and drift as seed to renew th( 
vital processes w^herever the conditions favor. These operatic 
are arrested sometimes from very excess of bacterial produ( 
before their food is exhausted. One variety of these changes 
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hat of ali^oholic fermentation. In this sugai* in changed to 
Icohol, and the change is arrested when the alcohol reaches a 
?i*tain per cent; but the alcohol itself may be reduced by acetic 
I'nientation, to vinegar, a still lower plane, and again to its 
nal inorganic elements. Another type of organism would pro- 
lace a fermentation and product entirely different. 
The ordinary bacteria of decomposition are not of themselves 
«ease-breeders; in other words they do not effect a lodgement 
- multiply in living tissue through germ ladened air that may 
?* inhaled, or waters that may be drank, though they will pro- 
,:ice blood-poison in wounds and even dearth in capital cases 
kiere the vital forces are low. The exhalations from an area 
active decomposition are offensive, producing in many per- 
► lis headache or nausea, lowering the general tone of the sys- 
jn, and making it more susecptible or predisposing it to the 
<igement of specific disease germs. Decomposition less active 
^d far more offensive and dangerous will go on with an in- 
efficient supply of oxygen. The remedy for all this is greater 
3ution, greater dissipation, a freer supply of oxygen. The 
^ses from our chimneys are deadly in concentrated form, and 
T much the same reason, but thev are harmless if sufficientlv 
Effused and diluted. 

The modern theory of disease is that specific germs effect a 
<lgment in those organs or tissues that are susceptible from 
i^y cause, and destroy or impair their functions or produce 
^ions, and death ensues from impairment or destruction of 
^gans, or from the poisons generated. If the vital forces be 
•eat the disease may '^run its course" — that is, the particular 
ebstance upon which the bacteria feed wjll be exhausted or 
^e produ(its which are by them generated will arrest the mul- 
»lication of the specific bacteria;. 

^arious causes may lower the vitality and impair the function 

~ a part or pre-dispose to disease, or such pre-disposition may 

^ hereditary, but the disease itself is not hereditary. The point 

that the particular parts affected are not up to the proper 

i:al standard, — partially vitalized tissue being attacked by 
::>ecific bacteria and only devitalized matter by the ordinary 
bacteria of decomposition. 

This theory is based on the fact that a disease incubates and 
t*ows, while, if the agency was a simple poison, its maximum 
JVct would be produced without any period of in( ubation and 
t^owth. Several of these specific bacteria — ^those of typhoid or 
ateric fever, of consumption, of the malarial fevers, of Asiatic 
solera, of malignant pustule, of splenic fever, diphtheria, 
:*ysij)elas, pyaemia, septicaemia, etc., — have been isolated and 
"leir habits studied^ while by analogy the history of others is 
^ferred. Some are indigenous to man; some are shared by the 
>wer animals; some come from vegetable decomposition under 
fecial conditions; some spread by contagion and some are 
pecifically infectious; some do not propagate themselves and some 
I'oceed from the general infection of the originating cause and 
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not from the individuals aff(H-ted. In some 4*HHes, the gemw 
have remarkable fecundity under sj^eeial conditions, but outside 
their proi)er or s])ecific environment their vitality is limited. 

It may be seen from this summary of the general f>rinoipl« 
of the present ^erm theory, that diseasf* nmy be larp^ely pi^vent- 
able when all these thin^ are fully understood. ThiK is the 
field of all sanitary work and study at the present time. Con- 
sumption is indigenous on heavy soils, with a high ^*onDd- 
water plane; nmrshes and vegetable decomposition in Htagnantj 
water, cause malaria: ty])hoid or entei-ic fever is generally com- 
municated through drinking-water, as are also the (liarrheall 
and dysenteric disorders: while diphtheria is often due to defec- 
tive house ])lumbiiig: and so, in various ways, are the eaimil 
of all zymoti(*s assigned with more or less ceitainty. 

The general theory of disease thus given is by no means fuDy] 
accepted nor can it be until investigation in a very difficuu 
field has progressed much farther. It is the extreme view, how- 
ever, so far as disease may be preventable by purely nanitarf 
agencies. For the purposes of this investigation it is not neces-l 
sary to develop it beyond its application to sewage alid 8eiiwr| 
gas as media for spreading the germs of s])ecific diseaKe, and 
this extent the theory possesses a working value whioli fuByj 
justifies the outline of its salient points presented in tl 
connection. 

In the investigation of specific bacteria they are isolated 
cultivated in solutions of beef tea or other nutrient, carried 
gelatin. I^lates are prepared covered with a film of the nul 
ent, and the fluid containing the specific bacteria in di 
thereon in rows. Their multi])lication is shown by the liqi 
faction of the gelatin and can be studied under the microscope, 
a single bacterium termo — the ordinary agent of deconipositioi 
by accident gets on the plate, the culture is destroyed; it 
multiply so fast and is so hardy that the specific germ 
no show whatever. The plain and very important inference 
that the hacteriam termo is the wolf among these low forms* 
life and that in his habitat, or in any area of a^*tive newi 
decomposition, no specific germ can survive, much less proj 
gate. If this is so, then in any ])lace of actfve deconipositi( 
or after decomposition has begun and is ])ai*tially (completed, 
after it is entirely com])leted, there is no danger of s| 
disease, except so far as has already been alluded to in disci 
ing decomposition. The history of such places seems to 
out this inference. If it were not so life coultl not be sustaii 
in their vicinity. 

The danger of sewage as an agr'ut of zymosis is comprehenc 
before that point — a(^tive (le(*ompo8ition — is reached. The 
cific bacteria may infe(*t the house connections and may ri 
the sewer, ])ossibly the main ; but as soon as an area of a-cl 
decomposition is rea(*hed they are disarmed and destroyed. 
Chicago the sewage undergoes dec'omposition in the mains, 
sewer-gas passing back through the house-connectioils may a 
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ihe specific germs into the dwelling;; but ordinarily they piob- 
*3ibly do not get far in this direction. The danger is in the 
ivicinity of the habitation. In rain or floods, sweeping everything 
out rapidly, there is danger of their being carried a long distance 
iway and infecting the water supply. The dejecta of one typhoid- 
h'fever patient thrown upon the snow of a watershed, when melted 
i in the following spring, has been known to infect the water- 
-supply of a town and produce over 1200 cases. But the re- 
»«earche8 of Prof. Lester Curtis, M. D., who has made the bio- 
- logical investigations in connection with this work, fail to reveal 
the presence of any specific disease germs in the watery of the 
.Illinois and Michigan canal or in those of the Desplaines or 
I Illinois rivers and tributaries. 

The nuisance occasioned by the pollution of watercourses has 
_ in recent years demanded other methods of sewage disposal, as 
-by ^^broad irrigation" Qr sewage farms and by chemical treat- 
; ment. The merits of both these methods have been greatly 
.■exaggerated, apd they are never applied except under compulsion 
yOr when nothing else is available. They have never made any 
, return on the large investments required and have rarely paid 
^ operating expenses. 

I The soil underlying cities becomes polluted ; eess-pools saturate 
the ground in the vicinity; filth accumulates in and upon the 
soil. Sanitary literature is filled with instances of the pollution 
,: of drinking water from such causes, often at considerable dis- 
, tances and in the most unexpected manner. This, in a sense, is 
crude land disposal and it is always dangerous. It is argued, 
however, that when it is done systematically on a sewage farm 
that the method is perfect. 

The fact is the soil must be suitable, and be handled in the 
most judicious manner. Pure sand will net dispose of sewage 
any more than a brass strainer. It simply clarifies, and the 
<^fHuent is otherwise unchanged. In time organic matter will 
accumulate so as to furnish a nidus for bacteria, and when the 
sand is fully charged — in other w^ords, becomes a soil — it will 
accomplish its work. Impermeable soils simply accomplish sur- 
face decomposition by air exposure, a method which is, certainly, 
as bad as can be devised. When broad irrigation is used in 
appli(*ation to crops as needed, great areas are required and 
enormous distributing systems, much greater than it is practi- 
cable to j)rovide for O" to reach from large cities. And this 
must be supplemented by filtration -beds for use when irrigation 
is not required. 

In the filtration plan the ground must be carefully prepared 
at large expense, and the amount that can be applied is strictly 
limited or a nuisance is created, and the land should rest in 
alternate years to rot out. The crops that can be raised are 
limited in variety, and much greater than the market demand. 
In a financial sense, both broad irrigation and intermittent 
filtration have been disappointing to their promoters, although 
they may be very useful resources for sewage disposal in needful 
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eaHes or niider c^s])p<-inlly favornhU* coiiditioiiH sin^li an obtain in 
Ediiibnr^. where the ('rai^reiitiiiiiy meadows have het»n used for 
broad irrigation in a crude wav for over 200 veai*s.* Both in 
Paris and Berlin attempts are made to dispose of the sewagi* 
in this manner — /. e., by l)road irri«ration and int«*rniitteut filtra- 
tion — but tlie results are unsatisfartory in the FivnHi capital: 
while, notwithstandin<r the* exreptionally favorable ronditiomi. 
there are already «rrave doubts as to the wisdom or ex[>efIiein-T 
of longer relyin<»* upcni this ]»lan for the disposal of the lierlin 
sewag:e. The Royal Commission on Metropolitan Kewa^ Ifc: 
(*har^e, in its final rejjort, summed up the qu«^tion in the fol- 
lowin<»; terms as a])])lie(l to London, and they are HiibHtaiitiaDv 
ajiplicable to all lar«»e cities: 

*'()n the whole, therefon*, with re<!:ard to broatl irrigation, w« 
are of opinion — 

''1. That, g:enerally si>(»akin«r, it offc^i-s a satisfactory iiiodeof 
disposal of sewaoe, where circumstances admit of its npplieation. 

''2. That it offers the most likely means of i*ealiziiig soidp 
poi*tion of the value of the sewajre. 

''8. That when ])r()|HMly arranged and caivfully conducted. 
the effluent will be effectually i)urifi(»d, but that under careleai 
management the punfication may be incomolete. 

'^4. That it need cause no danjirer to health. 

''5. That with proper care, when ap])lifMl on a moderate scale, 
it need (*ause no serious nu sance to the surrounding neighbor-; 
hood; but that if impro])erly nuinaj»ed nuisance may arise, and 
may be(»ome considerable. 

''6. That there may be a danger of the ])ollutiou of Hubsou 
waters. 

*^7. That to api)ly broad irrigation to the metropolitan sew- 
age near the outfalls would be a nmtter of gi-eat diffieultv. on 



♦As this Edinburff illustration is ofton citod by th«' a<lvocatort of the land disposalcf 
sewafjo. it is worth wliile citing? tho b(»st authoriti«*s (»n tin' subject. The Eofirlisn Locil 
Government Board Report of 187fi spoke of the ease as follows: 

"The ('raiffentinny meadows afford the strongest example of pecuniary success ia 
the rough and ready use of erud<i sewagt^ to ^)rodu(?e rank crops of (rrass. The case mittt 
however, be ecmsidered with all its surroun<linffs. Thr crude sew«M?e flowB down froB 
the older part of Edinburgh without stint or <'harge towards land having; little valaeia 
its natural state, as it is for the most part blown san<l from tlie adjoining? estuary. Ite 
sewage is n;c(;ived at a point sufTleiently el(!!vate<l to allow of its gravitating^: on to the 
land to be Irrigated, the effluent escaping down to the boundary line of the sewaja^e farflL 
which is the sea. The land is of low valu(» as agricultural land, tlie sewage Ih abundanl 
far mor(? than is required for the area irrigated; it costs nothing to the proprietor of the 
land, and its use, its abuse, or its waste, is under no local control; it is applied in the 
cheapest way, and the crops are put up to auction in one iwre plots every year, thepin^ 
chaser cutting and removing the grass at his own cost. The mode of irrigation is ub- 
cleanly and rude, and there is undoubt(*dly at times an ofTensive smc?!! from the carriers* 
from the rudely trenched irrigatt;d surface, and from the eflluent water. During ti* 
winter the sewape is allowed to flow direct Into the sea." 

Dr. Letheby in his book of 1872. said: "On the; (Vaigcntinny meadows at Bdinbur^ 
where large results have been achieved, all sanitary considerations are ab^uidoned, Sk 
the sewage is allowed to flow upon th(5 groun<l in such enormous quantities as to ooih 
vert the locality into a stinking morass, which is a i)ublic nuisance: besides which the 
effluent water is so foul as not to be admissible into any decent watercourse, and there* 
fore runs directly into the sea. TIk'sc meadows have long been notorious as the m08l 
filthy and ofT(^nsive plots of cultivat(?d ground in Great Britain. It is clear, therefore* 
that the Edinburgh example cannot b(» considered as any guid(5 for the cases most likely I 
to occur in practice, where the principal object must be to provide a means of gettiitf 
rid of the pollutions and nuisances caused by sewage, to which the realization of prS5 
must bo only subsidiary." ' 
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aooount of the eiiorinoiis quantity of laud required, its, great 
probable cost, and the powerful opposition that would be raised 
against such a purpose. 

^' 8 That for these reasons we do uot recommend any attempt 
to supply this system as a remedy for the evils of the metro- 
politan sewage discharge.'' 

For snmll towns, where suitable land is available in sufficient 
quantity within a reasonable distance; where the storm-w^ater 
is excluded from the sewage; where the effluent may be pro- 
perly dis])osed of; where there is no danger of contaminating 
the subsoil waters by percolation nor other water supplies by 
Hurface drainage; where scrupulous care may be continuously 
exercised and an adequate ^*plant'' is provided — under such cir- 
cumstances this system should give fairly satisfactory results. 
But even at Pullman, w^here the most favorable conditions 
obtain the permanent and unqualified success of the experiment 
is open to question. 

Chemical treatment is also much misunderstood. It accom- 
plishes only partial purification. Various precipitants are used 
— lime ordinarily — which simply coagulate and thrown down 
the albuminoids along with any suspended matter. The 
effl-uent has still from forty to sixty per cent, of putres- 
eible matter and will undergo secondary decomposition. Oxida- 
tfon per se is not yet a commercial process, being applied only 
in the laboratory in analyses of sewage or on the broad scale 
of nature's operations. 

The sludge precipitated from sewage by chemi(*al treatment 
has not realized any special value as a fertilizer. By the use 
of filter process and other treatment it has been endeavored to 
make it more available, but without material success. It is 
given away, piled up and gotten rid of in any way possible in 
foreign cities. If it has no value there it certainly will have 
none in this country in the immediate future. 

Water disposal may become a nuisance the same as land dis- 
posal and for very much the same Veason — inadequate provision. 
When the oxygen dissolved in w ater is in excess so as to accom-^ 
plish normal decomposition, the gases are resolved into their 
simplest forms; when the oxygen is deficient — in other words, 
when the degree of dilution is adequate — offensive and more 
dangerous gases are generated ; it is analogous to imperfect com- 
bustion by which smoke is produced. The most powerful agent 
to disassociate such gases is sunlight, but in heavy wearther or 
in the dark they may continue to offend remotely. The oxygen in 
the water is removed slowly by contact with the air, but not 
with sufficient rapidity to su[)ply any original deficiency. The 
appearance of sewage-polluted water changes radically when 
the oxygen is exhausted and the margin between a bad con« 
dltion and one comparatively good appears to be narrow. 

The attempt to dec^ompose sewage rapidly by a.eration has not 
been successful. As decomposition is largely" a vital process it 
is apparent that it cannot be stimulated beyond a certain rate. 
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In othf*r wonlH, time \h an i»sH4Mitial fiutor. \Ver#* oxidatio 
the Hole a^nt, tlien it wouM uiHl()ul)t#*<lly Iw* a4-<*(>inplish«' 
much more rapidly. 

Running water in a river of lai-;r»* propoi-tioiis rapiilly diffusa 
the sewage and !)rin^ it in (Maitait with the oxy*r*^ii and tl 
Hupply is more readily maintain^^l l>y all the water, as it flow 
coming HueceHsively in eonta<t with the air. In hike** th** diffi 
sion \H much slower, licpiidn not mixin<r with that rnjMdity ik 
in the manner characteriHtie of jras*^. It is now l>f*<*<>niin^ 
Hettlefl dictum of Kanitarians, that **sewa<rf* in dei^oniposed I 
the influencen acting in running water and leaves only its skel 
ton in the form of the inorganic chlorides." 

The writer, whose words ai*e hei-e (juote<l, has fallen into a 
error which it seems neeessarv to corriMt. nniinlv l)e<*ause of tl 
authoritative character of the work in which it appeai*H. In tl 
article ^* Water/' in the Referen<*e Haud-Book of the Medic 
Sciences (Vol. VII, page 714,) occurs the following: 

Dr. Rauch. of IlJinoift. ^Proceedings State Board of Health. )88ii.) makes even a greal 
claim upon our faith than Professor Leeds. He holds that exp«Timents conducted 
his laboratory demonstrate that the sewage of Chi<*ago is so nearly destroyed in a cai 
flow of thirty-three miles to Joliet, that, if the same rate of purification held grood bel< 
that point, no trace of the sewage would be found ten or twelve miles farther do¥ 
Subsidence, he considers to have had little to do with the purification, as the passage 
boats necessarily nuliifled its influence ; and there was no di ution of the contents 
the canal, as little or no rain fell during the period cove ed by the obser\'ations. T 
quantity of water which carried away and thus effectually dispojrcd of this sewage ol 
city of 500,000 inhabitants, is stated to have been about 45,000 cubic feet per minu 
**Over one- half the sewage-pollution disappears before reaching Lockport. lifrenty-ni 
miles below Bridgeport ; and nearly one-third of the remainder is lost in the next fc 
miles, the increased rate of purification in this distance being due to the mechani( 
agitation of the water by falls, wheels, lock* ge, ' etc., and the greater extent of surfa 
exposed to aeration by the union of the canal and the Des laines river.'. These stai 
ments would be of immense importance were they sustained by collateral evidence; b 
unfortunately, those analysts who have had much practical experience in following t 
track of sewage in its passage down stream, wili recognize in these results: 1, T 
analysis of a fresh and turbid sewage at the starting point, the solid particles of orgai 
matter giving a high rate of impurity; 2, the analysis of a partly sedimented sewage 
those particles disappear from the water; and, 3, the dilution effected by the Desplaiii 
river. 

For the benefit of the ^* analysts who have had much pra 
tical experience in following the track of sewage in its passa^ 
down stream'' it should be stated that — 1. The analysis itse 
showing 12.563 parts of free ammonia per million, is that 
anything but ^*a fresh and turbid sewage at the starting point 
on the contrary it is a selvage in an advanced stage of decoi 
position; 2, *' sedimentation in a current with the velocity 
that in the Illinois and Michigan Canal is a physical iinposi 
bility, and this entirely >apoart from the influence of the passaj 
of boats; 3, it is expressly stated in the text cpioted that the 
was *^no dilution of the canal," whi(*h contents were the sc 
subject of the various analyses at Bridgeport, Lock])ort ai 
Joliet; as a matter of fact the Desplaines river above the poii 
of junction with the canal had ceased to exiwt as a watereour 
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during tlie period under observation, and the contents of the 
canal v.ere nndihited from any source after leaving; Bridgeport 
until several miles below Joliet. Since this experiment has been 
thrice repeated in the recent work — in the winter of 1870-7, in 
the summer of 1888, and again within the past three months — 
the original report is here appended for convenience of reference. 



Rate op Purification, Bridgeport to Joliet— Summer of 1886.* 

Advantage was taken of the remarkably dry season to determine the rate of purifi- 
cation of the water in the Illinois and Michigan canal and in the Illinois river during 
June, July and August. As shown by the preceding table, the rainfall was -*o light up 
to the middle of August that the contents of the canal from Bridgeport to Joliet, where 
it unites with the Desplaines, were practically unaffected by dilution. The conditions 
were as though the experiment was conducted in a laboratory. Whatever purification 
occurred between the points mentioned was due to sedimentation and oxidation, and 
mainly to the latter, since the passage of boats would interfere with the former.t 

During a tour of inspection accompanying the Governor, on May 30 and June 1, the 
attention of the Secretary was attracted by these conditions, and preparations were at 
once begun for taking advantage of the opportunity presented. Some delay occurred 
in securing collections of the water at points below Joliet, and it was not until June 
26 that the first samples were collected, and then only from Bridgeport. Lo«ikport, 
Joliet, Ottawa and Peoria. 

[A table, embracing details of 62 chemical analyses, wnich follows in the report, is 
liere omitted as containing much matter not bearing upon the point under discussion.] 

The following table gives the averages of the different analyses of samples collected 
at each place on the same day: 



Free 
Ammonia. 



Alb'm'd 
Ammonia. 



Oxygen 
u^ed. 



PliACES. 



In 1,000,000 parts. 



Bridgeport i 26.563 

Lockport, 29 miles below i 12.733 

Joliet. 33 " •* 9.426 

Ottawa, 81 ** " ; .413 

Peoria, 159 '* " .027 



1.633 
.753 
.432 
.243 
.194 



26.20 

11.01 

9.34 

5.30 

4.81 



The respective percentages of loss shown in the following may be taken as the 
measure ( f the rate of oxidation in the canal during the summer months, unaided by 
dilution: 



Places. 


Free 
Ammonia 


Per cent 
of loss. 


Alb'm'oid 
Ammonia 


Per cent 
of loss. 


Oxygen 
used. 


Per cent 
of loss. 




In 1.000,000 parts. 


Bridsreport 


26.563 

12.773 

9.416 




1.633 
.753 
.432 




26.20 

11.01 

7.34 




Lockport 


52.1 
26.1 


53.9 
42.7 


58.0 


Joliet 


33.4 






Total per cent of loss 
between Bridgeport 
and Joliet 


64.6 




70.36 




72.0 













* Ninth Annual Report, Illinois State Board of Health. 

+ It should be noted that the current in the canal, nine-tenths of a mile per hour, is 
of itself sufficient to prevent sedimentation: and numerous dredgings of the bed of the 
canal show no traces of sewage subsidence. 
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The differont ratios of loss of freo ammonia and albuminoid ammonia are accounted 
for by the partial conv<»rsion of the latter into the former. The measure of the pur.fica- 
tion is indicated by the meats of these losses,— that is, about 70 per cent in 33 miles. 
In other words, over onr-half of the sewage pollution <lisaprears before reaching Lock- 
port, 2J miles below Bridgeport, and nearly one-third of the remainder is lost in the 
next four miles, the ine eased rate of purification in thi - distance Ix^ng du«» to the me- 
chanical agitation of the water by falls, wheels, loekag<», etc., and the greater extent of 
suiface exposed to aeration by the union of the canal and the Desplaines river. 

During the period or 42 days covered by the examinations of whieh tliese are the 
means, there were only 3.04 inches of rain, while the average amount for the correspond- 
ing period during the preceding 15 years i 5.14 inches, and during the corresponding 
weeks in 1885 there were 3.15 inches, or more than four times as much. From February 
1 to August 15 it was so dry that the light rains during the six we»»k8 under considera- 
tion were (luickly absorbed by the e irth or evaporated before reaching the streaips. As 
before remarked, there was no dilution of the contents of the canal between Bridereport 
and Joliet, 33 miles,— and the loss of sewage pollution must be attributed to oxidation. 

If the same average rate per mile obtained after leaving Joliet. the pollution of the 
canal by the sewage of Chicago should disappear within the next 10 or 12 miles, or at 
about Channahon. An examination made by the Secretary on June 1 corroborates this 
estimate. There was no evidence of sewage pollution, discernible by the senses, in the 
canal below the Kankakee feeder, which is three miles below Channahon and 48 miles 
from Bridgeport. The purification of the Desplaines is even more rai>id than this, owing 
to its shallow, wider and more broken flow insuring more perfect aeration. 

It is stated that an average of about 45,000 cubic feet per minute was being pumped 
from the river into the canal during this beriod. Whatever the quantity it is obvious 
that if the volume of dilution had been increased by 20 per cent, the contents of the 
canal would have been entirely inoiTensive to the senses on reaching Joliet— not alone 
through the increased quantity of oxygen this additional 20 per cent, of water would 
contain, but also because of the improved condition of the river and its branches which 
would result from the continuous removal of the sewage and foul wastes. 

Bate of Purification, Beidgeport to Ottawa— Winter of 18815-87. 

During the months of Deeember 1886, and January, 1887, an investigation was made 
to determine what effect low temperature and the freezing over of the Illinois and 
Michigan canal and the Desplaines and Illinois rivers had upon their pollution by Chi- 
cago sewage. During the period under observation the canal was frozen over flfty-six 
days and the rivers about flfty days. 

Soon af^er the canal was frozen over there was an increase of the pollution at Joliet 
compared with the observations made last sumfner, and on the 9th of December it was 
observed at Ottawa where none was found when the examinations were made in June, 
July and August. The pollution continued to increase until the maximum was reached 
on the 27th of December at Joliet, and about January 4 at Ottawa. This increase, how- 
ever, was not alone owing to the ice and low temperature, but the fact that an accident 
occurred at the pumping works at Bridgeport, while they were being tested before 
acceptance from the contractors by the (nty, so that practically, no water was pumped 
from December 7 to 27, inclusive, as shown by an examination of the follown'ng table, 
giving the difYerence in depth in the canal and Chicago river. 

During this period, when the canal was not frozen over, only about 17,000 cubic feet 
ot water per minute passed through by gravity, and when frozen over only about 15,000 
cubic feet. 

On the afternoon of December 27, the pumps were set in motion, and until the end of 
January about 50,000 cubic feet per minute was pumped from the soutli branch of the 
Chicago river into the canal. There was a marked decrease of organic matter in the 
water at Joliet on January 1. This decrease continued until the end of the month when 
the quantity of organic matter was less than at any time for the seven mcmths previous. 
From January 4 to the end of the month there was also a marked decrease of organic 
matter at Ottawa. 
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At Peoria a small amount of sewage was observed on Januarys; this increased until 
the 23d. but entirely disappeared on the 29th. 

It has been estimated that it takes water from Lake Michigan to reach Peoria— when 
at a low stage— about twenty-flve days. With the ice covering during the period under 
investigation the pollution by Chicago sewage was not manifest at Peoria until about 
thirty days after the pumping ceased early in December, This was no doubt partially 
owing to the fact that during December only 1.76 inches of rain fell, and of this .90 of an 
inch was snow, practically having no eflfect in increasing the quantity of water in the 
Desplaines and Illinois rivers. The pollution disappeared from Peoria in about twenty- 
one days f . om the time it was first noticed. This latter eflfect was no doubt largely owing 
to the result of the increased velocity caused by the pumping of 50,000 cubic feet of water 
per minute from the 27th of December to the last of January. This is probably the first 
time since the construction of the pumping-works that Chicago sowage has reached 
Peoiia. On January U. 1.37 inches of rain fell, and Ihis, in addition to the melting snow, 
caused freshets in some of the tributaries of the Desplaines and IlUnois rivers and no 
doubt affected the chemical determinations of the samples of water collected at Joliet, 
Ottawa and Peoria on that day. • 

The following table gives the averages of the analyses of the different samples col- 
lected at each placo on the same day: 



Places. 


Free 
Ammonia. 


Albuminoid 
Ammonia. 


Oxygen 
used. 




In 1,000,000 parts. 


Bridgeport 


9.7 
6.5 
4.7 
1.7 


3.7 
2.2 
.75 
.43 


22.4 


Joliet. 16 miles below 


11.3 


Ottawa, 81 miles below . . .' 


9.0 


Peoria, 159 miles below. . .- 


6,45 







The result of these observations shows that, with the canal 
covered over by ice, oxidation w^as returded in the proportion 
indicated by the smaller losses of 32 per cent, of free ammonia, 
40 per cent, of albuminoid ammonia, and 50 per cent, of 
oxygen used — as compared with the losses shown under the 
exceptional conditions which obtained in the previous summer. 
A more nearly accurate conclusion may be reached by a study 
of the following tables which give the means of 347 analyses 
embracing eight determinations instead of only three as in the 
foregoing investigations. These means are grouped for the 
summer and winter work respectively with the same purpose of 
exhibiting the effect of low temperature and ice cover excluding 
free atmospheric effect and retarding flow. 
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Means or Analyses— May to Ocxober iNnusn'E. 1888. 



Places. 



>? 






=^^ 




g5 

02 :! 




c2 


^1 


? 1 


*1 






: 5* 


y 













• X 



o 

> 

B 

3 

o 



3 

3 

o 

3 






: 3 
• I 



Brid^epoit 29 

Lockpoit I 24j 

Joliet 26 

Morris , 24, 

Laftalle I 23 

Henry '■ 11» 

Peoria. ' 19 

Pekin | 16 

Havana. I 25 

Beardstown ' 24 

Grafton i 12 

Alton 15 



471.2 

431.2 

442.7 

aw. 9 

345.7 

30(;.0 

329 

35:10 

:kh.78 

3110.0 I 

:ioi.6 

278.6 ' 



75 



129.20 
69.80 

107. W 
»».85 
50.30 
27.50 
54.27 
84.:iO 
4.5.4 
8<.7 
50.3 
75.2 



.0<M» 
.<NI0 
.(NN) 
.38l» 
l.<»37 I 
.68:^ 
.8915 
.79% 
.TM 
.62 
.582 



46.811 

46.120 

43.<)58 

:tt.l49 

19.717 

17.ri»;i» 

12.:i58. 

16.152 

11.583 

7.524 

9.2<»5 

4.<»83 



2i»1.3, 

207. 7i 

216.8 

214.8 

211.7 

204.4 

199.7 

2(M.6 

204.2 

2<M.9 

242.4 

16l».4 



8. 
4. 



12.253 
10.882, 
.932, 
,107 
.636 
.467 
.210; 
.ft45 
.342 
.2021 



2.558 
1.990 
1.681 
.7071 
.526, 
.481! 
.522! 
.650 
.430 
.380 
.483 
.356 



23.118 

16.2W 

14.901 

10.!k» 

8.558 

8.657 

9.7» 

9.410 

8.142 

7.354 

7.90O 

7.356 



Means of Analyses made during 188{». 



Bridgeport 

Lockport 

Joliet (Dam 2) 

Morris 

LaSalle 

Henry 

Peoria (Upper Bridge) 

Pekin 

Havana 

Beardstown 

Giafton 

Alton 



9 

8 

■t 

9 
5 
6 

6, 
9 
6 
9' 

81 



40S.6 
432.8 
325.2 
417.6 
316.0 
X^l.O 
,%2.0 
a54.4 
317.8 
410.8 
309.9 



27.2 
24.6 
55.5 
29.1 
93.8 
30.9 
26.9 
43.5 
80.8 
56.3 
44.6 
61.3 



0.(M» 
0.(M> 
O.W 
0.00 
.912 
.%'2 
>]0 



1 



.259 
.414 

.imm; 

.087 
.317 



(K».!Ki4 

56.083 

57.717 

28.748 

13.1(15 

11.691 

12.86<) 

11.792 

9.277 

6.1K« 

♦7.523 

5.8^ 



1 

8.925 

8.149, 

8.488 

4.716 

1.4.56 

l.(»59i 

l.<i37i 

1.591 

1.078 

.762 

.875; 

.422' 



2.806 

2.489 

2.666 

1.587 

.637 

.404 

.549 

1.015 

.585 

.357 

.722 

.396 



26.5(t2 
22.83) 
21.717 

lo.m 

8.582 
8.636 
9.611 
13.858 
9.234 
5.505 
9.818 
7.562 



The nec^esnary careful study of these data, with due consider- 
ation of the iiumerouH factors, has not been practicable in the 
period which has elapsed siiu^e the last samples of water were 
collected — March 11, 1889. What results may be obtained and 
what new li^ht thrown u])on the ])roblem can be ])artly inferred 
from the following* discussion, which illustrates the generaliza- 
tion made on a preceding page, to-wit, that the aggi*egate of 
organic matter furnished by the tributaries of the Illinois river 
in their natural condition may greatly Exceed the agg^eg:ate 
fuinished by the population of their respective watersheds, or 
than the aggregate \vhi(*h passes Joliet in the (*anal and Des- 
plaines river. 

The volume of water passing LaSalle for about eight weeks 
in May, June and July would average about ten times that 
passing Joliet, or 480,000 cubic feet per minute. Of this, about 
five parts come from the Kankakee, or would show analvses 
similar thereto, and about four parts would be similarl^^ ascribed 



* This is the mean of 10 determinations— excluding those of January 
the reasons assigned by the chemist in his report.— See Appendix, p. 28. 



14 and 21 for 
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to the Fox. The following table gives the mean results of the 
analyses for Joliet, the Kankakee, the Fox, and the Illinois at 
LaSalle : 



Chlorin 


Free A 
monia. 


Albumi 
Ammo 


Oxygen 
Consumed.. 




< 


CD 

• 


:? 


noid 
nia .. 


: 


1 



Joliet 

Wilmington, 

Ottawa 

LaSalle 

Aggregate . , 
LaSalle 



45.52 
1.36 
4.24 
8.57 


9.30 
0.08 
0.12 
0.15 


1.39 
0.59 
0.47 
0.46 


13.77 
14.43 

6 84 
9.61 


9 

I 

8 
.... 


1 

5 

4 

10 


69.39 
86.15 


10.20 
1.47 


6.26 
4.62 


113.18 
IMi.lO 


10 
10 


-15.76 


8.73 


1.64 


17.08 









Desplaines river 

KpnKakee river 

Fox river , 

Illinois river 

I Weight proportioned to 
f volume 

Absolute loss 



A brief study of this table leads to vny important conclu- 
sions. The analyses only give percentages, or density, and the 
result must be multiplied by the volume flowing, in order to 
obtain the absolute amounts passing any given point. The 
oxygen consumed represents the percentage of readily decom- 
posable matter. It is apparent that the amount of organic 
matter coming from the Kankakee is more than five times that 
passing Joliet. In like manner, we find that the amount con- 
tributed bv the Fox is more than twice, and, for the watershed 

t/ 7 7 

above LaSalle, over seven times that passing Joliet. 

The analyses from the Kankakee show an increase in organic 
matter in high water, so that the mean results for the six months 
shown in the detritus table (see appendix) should be less than 
that for the year. The mean discharge for the Kankakee for 
the entire year is probably 300,000 cubic feet per minute, so 
that the aggregate organic matter contributed is probably six 
to seven times that passing JoUet. The mean discharge for the 
basin above LaSalle is about 700,000 cubic feet, per minute. 
Considering the analyses of the Fox and Big Vermilion, it would 
appear that the organic matter brought in by land-water is ten 
to twelve times that passing Joliet. These results can be stated 
Avith far more accuracy when the hydrographical work is com- 
pleted. 

Referring again to the table, the line noted as *' aggregate'^ 
hIiows the absolute amounts, as compared to that at Joliet, found 
by multiplying the amounts given for Wilmington and Ottawa 
by the relative volume, as given in the last column, and adding* 
the result to Joliet. The oxygen determination we have already 
discussed. The albuminoid ammonia is assumed to measure 
the nitrogenous matter, or that which is regarded as especially 
obnoxious. It will be perceived that the contribution coming 
in with the land-water is over 3}^ times that passing Joliet. 
The absolute amount of chlorine has increased. This is a fixed 
substance, increasing steadily with the amount of animal wastes, 
and perhaps by the leaching ol' salt from the land or from 
springs. 
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If the LaSallH (leterinination Ih» nmlti|)lie<l by ten, the relative 
volume at that point, it will show the absolute aniountH. These 
show a deerease, or that the absolute loss of oi'jranie iinpuritiefl 
is ^'eater than the total amount passinjr Joliet. lu other words, 
notwithstanding: the eontribution passing Joliet, by the time 
LaSalle is i*eached the a^<ri'e**:ate orj*:anic matter is less than the 
aor^-e«:ate furnished by the sf»veral tributaries as they reach the 
Illinois valley. 

The following- table is entiivly similar to the prec€Hiiii|a:, but 
gives the results of eight weeks of low water in the latter part 
of July and in August and September. The volume passing 
LaSalle was about 9(), ()()() cubir feet i)er minute, or double that 
reaching Joliet from Chicago. Of the land-water, one-half came 
from sources that would give analyses similar to the Kankakee, 
and the other half is repi-esented by the Fox : 





Chlorine 


Free 
Ammo. 

8.fi3 
0.14 
0.10 
0.27 


Alb. 
Ammo. 

I.T2 
i 0.5« 

0.45 
1 0.55 


1 

O-xygi'n 
Cons'mcl. 

! 12.:fi» 
1 10.M5 1 
I 5.W . 
8..34 , 


Xo. 


Relative 
Value. 




Joliet 

Wilmington 

Ottawa. 

LaSalUe 


39.87 
0.H4 
H.36 

22.13 


10 

H 


1 
2 


Desplaines river.... 

KanlLakee river 

Fox river 

Illinois river 


Aggregate.... 
LaSalle 


43.3i» 
44.26 


8.75 
0.54 


; 2.22 
1 1.10 


, 20.77 
1(5. C8 1 




1 »» 

a. 

2 


Weight proportio- 
eu to volume 




—0.87 


8.21 


1.12 


4.W 

1 




Absolute loss 








1 



If this table be compared with the preceding it. will be seen 
that the proportion of organic matter is greatest in the higher 
stages of the river. It will be also a])[)arent that the proportion 
of nitrogenous matters as shown by the albuminoids and the 
chlorine is gi*eatest at low water. The absolute loss in organic 
matter, as shown by the La Salle analyses, is about 20 per 
cent, as compared to about 17 in the pre(*eding table; and in 
albuminoid ammonia, some 50 per cent., as compared to about 
26 per cent. The absolute amount of decomposition is, of 
course, much Jess, but also much greater in proportion to vol- 
ume of water. 

So far as a chemical valuation is concerned, it is apparent 
that two or three times the water at Joliet would give a stream 
containing a less proportion of organic matter than the most 
of the tributaries of the Illinois. If Bridgeport be the point 
compared, it would take four or five times. Any such state- 
ments must, however, be (|ualifled, as the sewage would come 
in a less decomposed condition, and it is impra(*ticable at this 
time to say what proportion of water removing the sewage 
promptly from Chicago would be required, so that the stream 
shall not contain a greater proportion of organic matter than 
exists from the natural conditions. All that need be said is 
that the analyses seem to imply the possibility of reaching 
this standard. 
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It inii8t be reineinbored, however, that the constitution of 
this matter is different in many respet*ts fr6m that derived from 
the land, being more hu'<»ely of animal origin and far more 
readily dec'omposed. For this reason it purifies much faster 
than the land wat^r; in other words, the organic matter does 
not travel so far in tin* stream as that of more purely vegetable 
origin derived from the land. For this reason, also, a. larger 
proportion of dilution is demanded in order to furnish . the 
Hupply of ox^'gen for the more rapid decomposition. And for 
this reason, also, tlu» chemical test« of water frpm the lower 
Illinois are likely to show more favorably when ^ large supply 
of wat/er is turned in from Lake Michigan than under their 
natural conditions. 

The land wat^ers are already taxed to disi)ose of;the organic 
matters contained therein, and to this extent are not available 
for sewage dilution. The analyses show that the ^vaters of 
I^ake Michigan contain only from one-sixth to one-twelfth the 
organic impurities contained in the waters of the Illinois and 
its tributaries. The freedom from organic^ nmtterand the high 
percentag'e of dissolved oxygen preeminently fit lake water for 
the dilution of sewage, and it is tar more eifte(!tive for this pur- 
pose than any land water from the Illinois watershed. 

As to pronouncing definit/(*ly at this stage of the investigation 
upon the one best remedy for existing pollution or recom- 
mending the adoption of any speidfic ])lan proposed — that is 
not now warranted. Although the work thus far done under 
the direction of th(^ Stat(» Hoard of Health is sufficient to deter- 
mine the general principles of the solution of the drainage prob- 
lem of Chicago mu(*li remains to be done by that city itself be- 
fore the value and importance of some of tlw factors can be 
fixed with scientific* actcuracy. The actuai sewage product of 
the metropolitan area now tributary to the Illinois and Michi- 
gan canal and thence to the Desplaines and Illinois rivers is not 
yet known — it is only a matter of rough estimate. It is reason- 
ably certain that this estimate is over rather than under the 
actual amount; but any plans based upon mere estimates are 
subje(*t to revision in i)racti(*e, and su'h revision may involve 
serious modification. 

Furthermore, it is not yet known, from any investigation 
made by the Chicago Drainage Commission, what the rate of 
sewage decomposition really is in the sewers themselves before 
the sewage is discharged into the stream ; nor what changes in 
the density of the drainage ])umped at Hridgenoi-t will be pro- 
duced by establishing a circulation in the soutli lork at the stock 
yards. Chicago should at once set about the work of gauging 
the sewer flow^ and the determination of the rate of sewage dec^om- 
position both within th(^ sewers and in her river and branches, 
and should complete the special study of th^ south fork already 
begun under the Commission. When these data have been added 
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to the iDformation prpviously a<H)uired. it will Temain to dif 
and interpret the far'tH an the baHin for the final plans and< 
maten. 

The work done under the direction of the State Board for 
Illinois river tjanin. outride of Chic*afro jirojier, and that don 
erjnnection with the water 8U]>pIies of citien and towiiH am 
Htate inHtitutioni^ haft already reache<l thin stage. Rubetanti 
all the data neeeHnary to the inteilifrent treatment of the p 
lemH involved in the Improvement of the water suppliee anc 
the prevention or limitation of river ]>oIlution have be«i 
cumulated. There ift required nome further investigation, ma 
Icx^al, of the hydrography of the basin and, very probablv, » 
additional analyses to clear up a few moot points raised 
abnormal determinations in some of the analyses already n 
will be necessarv. 

With theiie a^lditions the material for a final report on 
water supplies of two.thirds of the State, and the sanit 
problems of the drainage of its most imi)ortant river basil 
ready for use, and it is puqjosed to push the work thereon « 
all practic-able dispatch. 



CHEMICAL INVESTIGATIONS 



OF THE 



WATER SUPPLIES OF ILLINOIS, 1888-89. 

Made by Prof. J. H. Long, 

Under tbe Direction of tbe Illiuois State Board of Healtli. 



The following roport ombrtujos tli<^ proliniinnry rcsultw of tli«» iinulyflos of ovor 750 samples 
of water eolleeted by the State l^oard of H<'alth b(»tween*May 1,1888. and March 15, 1889, 
at Chicaffu (Lake Michigan); Bridgc.'port, Tjockport and Jolic'^t (Illinois and Michigan 
Canal); Morris, Ottawa, liaSalle, Henry, Peoria, Tekin, Copperas Creek. Havana, Pearl, 
Beardstown and near Grafton (Illinois river); Channahon, Wilmington, Ottawa, LaSallo 
and Chandlorville (from tributaries of the Illinois river); East DubiKiuo, liock Island, 
Quincy, Alton, East St. Louis, St. Louis, Chester and Cairo (Mississippi river), and from 
small»."r streams and supplies to towns and public, institutions at Decatm-, Kankakoo, 
Gale.sburg, Elkville, Lincoln, Jacksonville, Pontiac, Elkhart, Springtiold, Belleville, Au- 
rora, Cairo, Joliet, Chester, l^unker Hill, Elgin, Ereeport. Oah^na, Danville, Anna, Marseilles, 
Monticcllo. Morrison, Bloomington and Normal. 

Over iuiO of these tests wcn^ mad(» botw(MMi May 1 and Novoml)er 15, jmd about 100 
between .January 14 and March 15,— these latter chiefly of waters of the Illinois river. 

Of eacjh water, a two-gallon sample was collected jux»ording to the following direc- 
tions, which were printed on tlu^ baifk of the shipping tags furnish(Hl to each collector: 

"Clean the jug thoroughly as follows: Eill with water and allow to stand a day or 
more; pour out most of the water, add some clean sand and shake thoroughly, to re- 
remove anything adhering to the Wtalls of the vessel, then rinse out the sand and fill 
and rinse several times with wat(>r similar to that to be sent. Finally, All with the wator 
(leaving air space) and close with a good close cork. Tie this tlown with a piece of 
strong muslin." 

The samples wore forwarded to me at 40 Dearborn street, Chicago, and were num- 
bered immediately in the order in which tht^ were received. The chemical examinations 
were begun as soon as possible, and those constituents liable to change by standing 
were determined flrst. 

Of the large number of samples sent, but two or three were lost by breakage of jugs 
or other accident. In a fc^w cases the tests gave evidence that the jugs had not been 
properly cleansed, and in several other instances the amount sent was too small for all 
the tests. 

On the whole, however, I believe the samples were properly taken and very promptly 
forwarded. They were delivere<l to m«i by the express companies in Chicago without 
delay. 

In the work of analysis I have been ably assisted by Mr. Mark Powers, Mr. J. J. 
Link and Mr. C. E. Llnebarger. to whom my sincere thanks are due. 
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Bnt ohemlalB now 

Absolutely nothing. 

It is known tliat I'urtBkfn oritanti- ■[iMd-m. wbli'li mny flinl Ibolr wit^ Into « 
CBpablt? o( produplug n grvat deai of mlsohiH whun tolws latii ih'- -luni, 
flmsJl nmoual; wbi1(< It ts jasL as <>nrtalnly knnwn that olhnr ciri;ui. 
present In drInkJnK water Id muKh larser aiii'iunt lunl hiIII Ihi •'•'tt.: 
Unfortuaalely, to dlstliisulsh between IheBo diffcri-nf kiwi' »( orKur. ■ 
is a. problom of great prauUeaJ dJITIculty. at. Iho uliinlutr oidikji 
quite Bmali. and in a statf of eraduikl ebfuiBe. But sine" thn tfoiiifi 
ture ol thie orKauio matter has l>t>pn admitted ehnmistB bavn euii~< . 
it as a whole, bat ;have turned their attention to the detecIIoD Oixl 1 ■ 
tain derlvuil prodtii^ta and to eenaiii eRipirliMil rimctigns wklok ex;<- 1 
ooteriEO good or bad waters. 

It la on tbs Bubject of the value ot these empirical (oel« tbal 8reat i 
□pinion exlHt. The present InveBtieation wa« undertaker 
acter of a laree number of Bamples, some ot whieh wnn" mippuBoil to beeootLM 
bad, while ot muny the L'ondltion remaned to be found bjr bi<les(e. AB^odportti 
work oonslsted in a study of Ibe Illinois river and its tribntorlas. the nbjiMt ejllli 
ing to show ^e inSoence of the Chieoeo sewatre poured In at th^ souree of II 
and to determine, it possible, tho rate of dt'striietlou ot ihls polluting n 
flowing water. 

During the latter part of the season the question of nuiiply to the slate 
wag taken up. It being thought ileairablu to determine tlie general e 
waters, many ot which had never b<?toro been examined. 

lu no ease was a full miaeral analysis thought nwesBOry, oonseqniMiUy d 
was conSned to eueh testa as show the main features ot tho water rui<1 Ha b| 
value. I believe. <□ the preaent state of our knowledge, this InforauitloD enjl 
given by the tollowlng determinations: 

Total solids by evaporation. 

Suspended manors. 

Chlorine. 

Sitrogen 

Hanlneaa 

Albuminoli 

Because of the Interest ahown by piiysioians and « 
this investigation I think it proper to explain somewhat fully the n 
the various tf 



!s and nitrites. 



py ahaJcen and then without delay a liter or half a liter was poured oat for the 

p Bolids in this portion were iJeWrmined by evaporating in a platinum dish on 

ii, the Ijalh lieliie large enijiigli to accommodate ais of ttiesQ dlslica, holding 

^centiineterB at one time. On the (.'ample tl on of the evaporation the dishes 

laferred to on air oven kept at a temperature of UD° C. and left there for half an 

a UiGD oooled quieJtlr and weighed. Bubtraoting from this weight the 

Ight of the dlah the solid eonlcnts were found. When one liter of water wo? 

Kd the weight in mlUigrama ynn taken as the number of porta per l.DOO.OM, as 

B eraTitr could be ptaetically token in moKt uosee as uaity. 



! out the water for solids the jug was ngain thorouRiiiy shafeen aad 

of one liter was meaaured out in a, Bask and traniferrod to a tall bi-'aker. 

d and aUowed to stand several days until the eolids in suspension bad 

r setiled. Most of the clear liquid woe thon poured olT and the residue, witA 

it ia the bottom of the beaker, was Altered on a Oooeh an«r, the last por- 

g washed out with distilled water, TUa flltor renders most excellent serwlee 

s which certainl; could not have been liltered clear through paper 

^Bsfully Altered througb asbestos with this appliance. 

•T and RontentB were dried nt llf° C, as before and weighed. The diflerenca 
wfllght and the former glvea the weigbt of soUda in solution, aupposins 
■-volume of water token tor each test. 



nt usually token. This whs evaijor- 

B the chlorine was found by the Tol- 
- nitrate and eiiuivalcnl solution of 



ne test three liters was the an 

a acid and filtered. In the SI 
JS a deui-normal aolutlon of ai 
n sulphoeyonjde. 

s less than three Uters was token for the chlorine test. In thejtaroplfls 
■e canal at Bridgepott, Lockport and Jollet one liter, or leas, was usually sulB- 
nd in aeverol of the artesian watera 100 eublc centimeters was found enough for 
RUtrotion without concentration. 



e value of a determination of nitrates and nitrites in drinking water has long been 
d nusatlon, and, unfortunately, different chemletH bold widely different views on 
|at. By some the teat is held to be of the highest importance, while others 
LS of no use whatever. As is very often the case a middle couree Beems 
.0 take here. Nitrates ond nitrites of a water come from the Qoal oxida- 
fflOHH organic matter in il, and thuH serve as an indication of past oon- 
. These flnal products of oxidation are perfectly hurmiees in themselves, and 
k BTeat many waters contolnine them eon be safely used. This is especially true 
T deep wells where they are nearly alwaye present. In shallow wells, however, 
create suspicion, as other matters oriirinally asBooiflted with what 
If flee to them may not have been so fully oxidized. 

e several methods by which the nitrogen of nitrates can be estimated in 

no of these— the Harx method— the water is evaporated to u snial] bulk and 

l^d with on excess of pure atrong ealphurio acid. To the hot mixture a solntloD 

ISO Is added as long as the color la doatriiyed. fndigu In sulphurio acid being com- 

r decomposed by nitric acid. 

{the Htrenglh oF the indigo solution had been previously found by treating a known 

' B soiutlon (of aaltpeter, (or inatunoe) In the same way, the volume used by tha 

fi r^aidue becomes h moaaure of the nitrate in it. The method givce good results 

E as certain precautions, chiefly euggcsted by Wartngton. are followed. But with 

kprscautions it Is pretty slow and could not be well applied In this inveatiKOtlon. 



XtvUlvT miiUHHl >■ tMfci] Oil ihu but tbikl Ihu ultroBiiii ot ulrntliM In •! 
Ih raoilll} t'onvi'rt"!] iaU> aniaiunln I'r •"tl'in -if ii«*>">n( hr<ln<m»'i- 
ynter a JfflnltR quuitlti' If i-vkiiralrul to a ■maJl biUh "<"' iT-rLti-f.-rr^ 
IIimIc »r liiiib. A vouihlniilloa of dk'UI* kiionrn »t tin- ■' 
dbitilliUluD loinin. Th" kIih- uikI <■')[>(•■' r bdi hk an olr-'i: 
Hvl* rp<li]i'(>4 tli« ollr>tii> or ultrll'^n Ui nmninDlB whii-ij 
bo rxiilnluKil liulow. 

SuiuHlluif'ii the walf>r ri>HltIli>' U nrudtiTt'd utri'iiiclr uli«Lli»< 
dnte soiutlDii. anil thi-n n p|n»< ol aluminium toll u luiJptL 'i'i> 
AtkaJl witli lil-^Mtloii .,1 liTilMiPTi. whU-h n..iu""ii tl.^ nllrat.-. *• |.. ■ 

toUowu'l in aJI ihc t^BUt <Ntriiml imt. Wlu-n a nciliiiliiB of u nilioii' > 
With iiiii'c, Hti'i-itiff siil|iliur<i- Hiilil iui<l limiiiElit In I'.ntiliu-T with i-i t ' , 
dlOxIdi^ U froiluwd l>v iki-'>ni|M>^ltl<in. W1ii<n tbf k» tf< t.'<iUr<'<< i 
comoa a mposiirn ot tlir aniuiuii ot ultralc ilwiimi'iMPil. ThU oii ti, 
(o wntcr imalysla by FmnkUuiil. Wiiriuuti'n, anrl otbor*. In lutliiu ■-■ 
war: Ail«r weishiuu Iho rcHidui' Iri>in tlu' ili-li-ruiLiutloii ut i"i 
with D litiln pure wntor to djeaolvu ull ihui wiu «<>1ubli'. Tlix IIih 
BDibU biiftkur, the InBoUihIo mrt holnK wuNlU'ii wlili hcvitkI -n. 
vMer. Tho i;i>[itfntB of the lienkt-r wtT* then rtnluooU l.i a Bniji!' 
cubic contimeti^re— by nvniHicntlau on n watnr IxitJi, luirl iritiukt- 1 r 
jni'lcr eunljiiiiiriB inemiirr, Twliw Ih" voliiiiii> of iJUn-, "i.rc.uu hiiIj 
talrotlupBJ and tlie mixture shakt-ii, Boiilly at flrnt imJ tlu-u vii- ■ 
tbR meivtUT lb oontacl wllb the ■lllH<rM''d nilrli- ai^ld, If niiy t» I'l ' 
ti) ultrotEoa lUniide. itivr ihe kum oools by HtundlnR, Its volunii.' < . 
re<luo>sJ to porrosponding woigbi. The nltrorat'i<-r ciuiiloycid luii. 
cubic ceatiraetPTS. In a few cosks it woeltounil noPUBBary l-i rr-j" u' 
the T'>1uiiit< <>t wili'r luk-.-n rhtu mon.- nllrr)t;eii dl'txlda gaa lilail uuulii 



The liordni^sH ot u waltr Is usually mcaauTed by Its soap-<li»(tn>yfHB H 
erciT oase I found it by moatis ot a ataadard soap Bolullon. of which oat enl 
iceter prwlpjtated the equivalent ot oue milUeram of calcium carbouato. 

lu the river watorH. IW eublo centimeters was Oitr omouat takvin [grdwU 
aoap solution was added unMl, afti?r Ihorouffh ahiLldntf, a p':rnuui*uit Inther w 
In the eaec of some ot the wqU WBil<!m, 50, 2E or even IV cubic centimoliirs, dHulf 
with dUtill<?<I water, was found, by a rirellmlnary liia], to be the right amoai 
The Boap BolutloD was made by dlseoMnK about 10 etams (it good oastUu son 
of weak alcohol, and adjuetud by comjiurlliK with a standard lime solution mU 
eolvius' 1 eram ot pure calcium carbonate In hydrocblorlo aoid. OTnixtrnlina K 
and diseolvlDK <n water to make a liter. 

The soap solution was diluted so that 11 eublo oentlmolers wens rciiulrcd N 
pemumeBl lathor. with ID cubic centimeturB of the 1lme solution dllutnil b 
Ins I ouble centimeter for the amount UBcessary to form a lalhor with f>u 
ramainins W cubic oeutlmotisrs just precipitate tho cqhItuIouI of 10 milligramB «Cp 
OBTbonate. It la difficult 1o obtain vonatajit or reeular results with this tsat ts 
containing much auBpeuded or oreaidc mattor. It was not employed fn t! 
nation of the lost 100 samplee. 



The dutetmination ot free ammonia in a water is often of the Brua! 
general thing It represents one o( the last stages in the deoompoaitiot 
organic matter, and its amount is somutlmes a rough measure ot what baA 1* 
posed. It must be remembered, however, that this tree ammonia te perfcoti? U 
ftsea, in the amount hi which It occuis In water, and often when ver/ a 
be taken as en indication of any present or even very recent oontamu 

or slmllow well waters It points to a decay of altrogonouH organic matMiN 
removed, iihU may bv uccompunied by some of thle matter In a much Imb ad 



stage of. oxidation. In most artesian well waters, fi(.'o ammonia appears abundantly, 
and generally unaccompanied by organic matter except in very minute amount. Hence, 
the conclusion drawn from the free ammonia found in a sample of water depends largely 

f on the source of the latter. 

The test is carried out as follows : 500 cubic centimeters of the water, or in bad cases 
10, 25 or 50 cubic centimet«.^rs diluted to 500 with pure distilled water quite free from 

• ammonia, is pouted into a carefully cleansed i etort 'connected with a long Liebig's 
condenser. About 5 cubic centimeters of pure strong sodium-carbonate solution and a 
small amount (half a gram) of coarsely powdered and freshly ignited pumice stone 
are added to the contents of the retort, which is then warmed by mr^ans of a water 
bath. After about ten minutes the latter is removed, the retort, dried, and then heated 
directly by a Bunscm burn«»r until distillation begins. By th(^ preliminary warming on 
the water bath tho chi«'f danger of cra(;king th<' retort with tli(^ lamp is avoided. Bump- 
ing in the boiling liauid is completely prevented by the addition of the pumice stone. 
The heat must be so regulated that the distillation pioceeds rather slowly, about 50 
cubic centimeters in 15 minutes being a good rate. In the pn^sence of sodium carbon- 
ate the free ammonia is readily driven off with the steam, which must be condensed in 
the Liebig apparatus by a good currcsnt of cold water. The distillates collected in four 
portions of 50 cubic centimeters each, contains practically all the free ammonia, and it 

** remains to measure its amount. 

The distillate is caught directly in four tubes of exactly the same size, made of clear 

' thin glass with a mai-k to indicate the 50 cubic centimeters. To etieh tube 2 cubic centi- 

mett^rs of Nessh'r solution is added. Th(; Ncsssler reagent is a solution which has the 

■ property of striking a deep yellowish brown color with weak ammonia solutions, the 

" depth of shade depending on the amount oi ammonia present. 

The first of ihe above nam(!d tubes should show much the deepest color, the second 
and third less, while the fourth should be practically without color. If it is not, another 
50 cubic centimeters should Ije eollcscted and tested in the same way. The amount of 

. ammonia in each one of these tubes is estimated by duiilicating the shade by m<'ans of 

'' ammonia solutions of known strength. For this purpose u standard ammonium chloride 

■ solution is prepared wliich contains tlio e(iuivalent of .01 milligram of ammonia in etieh cubic 
centimeter. Definite volumes of this arc; diluted to 50 cubic centimeters with pure dis- 
tilled water, and then treated with the Nessler reagont. In this way a series of colors 
i.s obtained indicating c(»rtain small amounts of ammonia in 50 cubic centimeters, and by 
making a number of tests those obtained from the four or five distillates can be exactly 
duplicated. The known ammonia in the dupUcates shows immediately tho amount in the 
distillates or, in other words, in th<i volume of wat<'r taken. 



ALBUMINOID AMMONIA. 

This is a name given by Wanklyn to ammonia produced by distillation of nitrogen- 
ous organic bodies with a strong oxidizing solution of potassiiun permanganate and 
potassium hydrate. Many organic matters distilled with this solution are decomposed, 
Caving up their nitrogen in the; form of ammonia, and this is called albuminoid ammonia 
because albuminous bodies are typc^s of thosn roadily decomposi'd in this way. Albu- 
minoid ammonia, then, does not exist already formed in a water but is produced from 
it by the laboratory process through the rjipid oxidati(jn of the complex matters it con- 
tains. If those matters wore allowed to decompose spontantjously they would give rise 
to free ammonia in time which coul<l be det<'ct<Ml by the test given abov(\ 

We can, therefore, look upon the laboratory oxidation a** a substitute for the slow, 
natural oxidation, although it is not probable that exactly the same amounts of ammo- 
nia are In any case formed by the two proc<?sses from similar materials. 

To understand the meaning and value of the indi(?ations given by this test, it is 
necessary to consider what takes place when albuminous or similar subst^mces 
undergo spontaneous decomposition. Unfortunately, many of the steps in such de- 
compositions arc obscure, but it is known that among the products found we have at 
some stage indol, skatol. leucine, tyrosine, aspartic acid, peptone, various fatty acids. 



uiui uiher Inulics of tin- arniiiatii- »;roiip. Oniiimry si-watj*' addi'd tu watory solutions 
of albuminous IxkUi's is an o\tM>]l«>nt a»;<'nt tn liriimalMiut most of thi-se defrompoHitlonB. 

Tho pnulucts naniiMl hav«' p-mTally ilrllniti' i>«ini|>nsition. ami ufti*n erystalUne 
structun" so that tlu^yi-an r«'a«Iil>' !»•' olitainiMl in ••ondition for <'xai*t invoi^tiKation. Such 
invrstipations, as oarri«'«l out l»y Ti«*maiiii ami Pp'Ussc, for instancM-, huv»» Rhown that 
tli»; nitroyrnous produiMs in tin- aliovi* list k\\*' up iirai'tii-ally tin* whuh' uf thoir nitro 
^(>n as ammonia w]ii>ii distilliMl with tiic oxidizing; solution. 

It is now wi'll known, although fornwrly a difTi'n'nt vi»'W wa** h«'ld. that frf*s?i albumin- 
<»us or similar substaiuM's an* imt ••omplfti'ly d«M'onipos»Ml in this mainu'r. 

Th«' int«'nsity of tlw n'iu*tlon. tii»'n'fop«. whirdi tin; cln'mist obtain?* hy applioAtiou of 
the allMimlnoid ammonia t«->t to a watiM- i-ontaminatiMl with t]ii's«> (.'oniplrx iiitrofrenous 
matters, ilt'iH-nds lar>r<"ly on tin-ir >tat«* of pn'^^iM-vntion. in «»tlnT Avords un timo and 
tompi'ratun*. as hoth an* important fai'tor^ in produ«Mntr dt'«*onii»osition. 

AnoTh'-r vrry important ••ontamlnation in waters in which spAvafri* has u<'(.'*'Rs, is urra. 
Wanklyn >tati*s that this sul»stan«'i' yields ii«i ammonia by th«' albuminoid proefss. while 
other rhcjnists show that a jiortjon of 'its nitroj^i-n is trivfii olT in thismanner. Tiomann's 
oxp«'rim«'nts indicat*' that all tin- inirot?»'n may b** o]»tain«Mi in this way. 

My own <'\'p«'rinn'nts indi«'atf that witli strong; pcrman^anati* solutions the urea is 
rapi<lly <h'<'onii)osrd. j;ivint; ofT most of its m'tro>x»'n in th»' form i>f ammonia. If, in the 
puriilcat.ion of th<' iMM-man»^an:it>' by loii^ boiling;, a portion is chanf^ed to manRBnatei 
thi' d»'<:ompositiiin of tin* nr«*a is slow and mu«'h l«*ss pcrf'-rt. 

Hair, wool and j^«.*latinous substain-i's contain matter similar to nUntmin in oompO' 
sition, ami an* decomposed in the ^anie general way. but not as readily. 

Fa'cal matter consists of undlt^ested food, containing more or less substaucc of 

t 

albuminous natun- alon»; with product^ of iis «!e<M>niposition, as in<!ol and skated. Also 
nuK'iis. epitlielium. biliary pnuiucts and ninn<M'ous substances in snudl amount, about 
whi<'h little is known. The nit rot?"nous portions of this matter can bo classed with those 
already mentioned which aro de<'omposed wholly or partially wdh evoluti n of ammo- 
nia by tho alkaline p(>rmanf:anate s<»lution. 

The detormination of albuminoid ammi-nia. then, jrives us a rou^rh measure of the 
■iimoun' nf n.'a<lily de«T)mpC)sid>le nitrogenou- matter a wator may contain, and to be of 
vahu', shoidd 1m» s udied in conn<*(;tion wltli the source ot tin.' water, its temperature and 
distani.'e from ]»ossibl<' contamination. 

rra<'ticaily the t«.'st is ('arried out in this way: To the residuo loft in the retort after 
tho distillation of the free ammonia 50 cubio ('entimeters of the pornuuipranate solution 
is added. This is prepared by dissolvinj^ 9 f^rams of i)urest potassium pormanfirauate in 
distilled water and adding 225 jjrams of Kood potassium hy<lrate and enougrh water to 
make l,r)<H) cubic centimeters in all. The solutitm is then boiled down to 1,000 cubic cen- 
timeters in order to fre(» it from amnn~>n a. Witli the prad*' of potiissium hydrate em- 
ployed 1 Ibid no difUculty in making? a >joo<l solution in this way. 

After addinfr the alkaline pornumpanatt^ tho distillation is b«»«:un again and four 
more portions of 50 cubi<.* <.*entimcters each boihnl over. Those aro tostod exactly as be- 
fore. In some cases it is noc(^ssary to continue tho distillation even further to secure 
all th(» ammonia. 

A fuller discussion of S(jnio of tho points of this process will bo found below where I 
explain tho results obtained by the tw.'tual tests. 

OXIDATION TESTS. 

Eai'ly in tho history of sanitary water analysis, attempts were made to measure or- 
ganic mattc^r present by the amount of oxygon it consumed under certain conditions. 
Forchammer llrst proposed to accomplish tliis by treating th<* water with a dilute solu- 
tion of potassium pei-manganatc^ as long as its color was destroyed, but this plan, gave 
only crude results. Mucli l)etter results are reached by sf^veral modifloations of this 
process, notably by that of Kubel. In this tho oxidizotl water is boiled with an excess 
of dilute permanganate solution for a delinite time, after which the amount of the oxi- 
dizing salt not acted on is found by nutans of oxalic acid. 
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The solutions reauired are: 

Potassium permanganate, 330 milligrams in 1 liter. 

Oxalic aoid. 630 milligrams in 1 liter. 

Sulphuric acid, 2 volumes of strong pure acid to 1 of water. 

The aoid and perma ganato solutions an* (exactly equivalent to each other; that is, 
the permanganate is decolorized ))>' an t'qual volume of the other. 

To make the test 100 cubic centimeters of th(i water ar<^ measured into a clean 
beaker. 5 cubic centimt'ters of the n*?id and lo of the permanganate are added, after 
yrhich the solution is quickly brought to the boiling point and boiled five minutes. If 
the color is all destroyed a new trial must be made, using 20 or even 30 cubic centime- 
ters of the pormangnnat*^ in some? cases. 

At the boiling temperature a part of the permanganat(^ is decomposed, giving up 
Its oxygen to the organic matter in the water. At thi» end of the Ave minutes the 
amount of the salt not decomposed is found by use of the oxalic aeid solution. This 
could be accomplished by adding the latter to th(i hot li(iuid in the beaker until the 
color is just destroyed iind noting the volume n-ciuired for this; but it can be more ac- 
curately done by adding at once 10 cubic centimeters of th(i oxalic acid, which tlestroys 
all the color; then add, drop by drop, the permanganate until a trace of pink color just 
reappears. Subtracting 10 cubie, eentimet<»rs from the total volume of permanganate 
used we have that required for the organic matt<»r. Each cubic centimeter so used 
Chives up .08 milligrams of oxygen, which is commonly referred to as "oxygen con- 
sumed." The test is empirical and does not give? absolute results. Many organic sub- 
stances do not seem to b<.' decomi)osed at all in this way. Urea is one of these and 
many others suffer only partial decomposition. It has been observed, however, that 
partially decomposed bodit?s retu't more strongly on it than do the su])stances from 
which they were originally derived. Fresh white of egg in dilute solution has a much 
less marked oxygen-consuming power than is shown after the solution begins to pu- 
trify. This recalls some peculiarities of th«^ all)uminoid-ammonia reaction. 

The test tells us nothing about the character of th(» organic matter which it indi- 
cates, and does not distinguish between comparatively harmless vegetable contamina- 
tions and more dangerous ones of animal origin. In fact, vegetable matters seem to 
react very strongly with it, and, besides this, it is affected by nitrites, frequently pres- 
ent in waters, as well as by organic matter. 

Notwithstanding these weak points in the method, its results have considerable 
value, especially when considered in conn(?ction with those of other tests, and it fre- 
quently aids materially in forming an opinion about a doubtful sample. 

"With these explanations about methods of analysis, I pass now to a consideration 
of the results obtained in the actual work. 

LAKE MICHIGAN WATER. CHICAGO. 

The water supply of Chicago is taken from Lake Michigan by means of a timnel 
running two miles out from the shoi e line. Nearly 100,000,000 gallons daily are pumped, 
and work is now in progress on anotluT tunnel, which is to be extended to a point four 
miles from the shore. This will furnish a greatly increased supply. The general char- 
acter of the water is shown ])y the following analysis made in my laboratory a few 
years ago. The mineral constituents of the water are practically constant. In parts per 
million, the results obtained were; 

Calcium sulphate 5.30 

Calcium carbonate 70.50 

Magnesium carbonate 37.73 

Ferrous carbonate 40 

Potassium sulphate 4.85 

Sodium chloride 3.8<) 

Silica 5.25 

Ahimina traces 

Phosphates traces 

Total mineral constituents 133. Ji8 



Table I. Kires tin; result s ol>l«iiirJ by the wi-i'kly 
summiT. Th» Hiklcr wiih lalu'n trcini a tauci-l on tlm e<i 
40 Ui'arborn Btri'ct. Di'iiHrtwri's from thr et'ii'Tul nvi'rn 
October 2d. This U vxvMDvtt by tht loet tluil, owlnj: U 
olhLT vaosi^R. tlif fhiir-i inU't vran trciiuootly ■'iniilriyi'il a' 
thlB Inlet in ubiiiit ISM In-t Irom tile iinw.-nt »b»n' lilu', 



water, ^lien thir lak>' 
ptactlcu of u^^fnfc' iliiH »' 
Btronely L'ODdi'iniii'il. 

Tbt tulul nbseiii'i' cif nitrates and nltrili'M. tli<' v. 
oxygiin eiiiisiimpiion ari' Important (rnturvs i..( II 
BPtmH to bo no groatiT In water tnki>n trtim l1i>' itI 
miles lunh'T out. It is uuiloubteilly nuiti: eim-'tnnl 

Jty t-i>mparlKon with r<'»ultH obtained by Mr. ' 
Erin wulcr, ut CIi'VcIbikI, I obnor^'c Hpvi'nil lin|i>^rli 
which MtieU'-HtB an interoBtine: llekl of Itniiilry. I'ln' 
Lak<'. HiL'liiKnn water Kocms to bi' miieii leMK Hum t 

TABI.E I.— CHICil 



■•xnuilnatloiiH nuulo during tba 
i.nil floor uf th.' building. So. 
!•■ nri' iinimportnnt. oxeupt on 
uhanKi.'K in th<- puiniw and for 
KUl timl time. Thi'i'iitranceto 
■■omiiunktlvelF shallow 
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• From a number of p<)intB whore metoorulouiciil ohuervationH are HyMomatleallr 
raeordcd, the daiii of toniiierutnre luiil iircpliiltattou (rain or Hnuni bUTu been obtained. 
In Kiveh enses theso faetorB aro wlded fo Uie utatement i)f VmL Ldhr'h ehemlcal deter- 
mhiutionH, for the puiiioBe of aidintc their interiiretatlon. They help to Hiiilaln many of 
the abnormal variationH. due (o Blurm water ns a ioeill eiliine r.I iioUutiun, and also tho 
variotiouB In the rate ut sewage oxidation an affeeted ijy temperature nuJ dilution.— 

+ Omtttine Oct, 2. 
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The Illinois and MicHUiAx Canal— Bkidgepokt to Joliet. 

At Bridgeport about 50,000 cubic fcc^t of water per minute is pumped from the south 
.fork of the Chicago Kiver to feed th«* IllinoiB and Michigan CanaL 

This water, coming originally from Lake Micliigan, is mixed on the way with a large 
part of the city sewage and with tlie drainage from the stockyards. The sewage from the 
city is comparatively dilute, an<l amounts to about 70.000,000 of gallons daily. I have no- 
very certain data showing its composition at the outlets from the sewers, l>ut during 
the summer season it is doubtless in an advanced state of decomposition, as indicated 
by partial tests which I made a few years ago in particular ciwes. 

As regards the d< 'composition in the river itself, the data are almost as scanty. 
Tests which I made of the water of the North Branch during April last have some 
value in this connection. Srven samples were taken near Chicago avenue and. analyzed^ 
with these results as regards free and albuminoid auunouia: 

Per million. 

Free. Alb. 

1 4.45 2.50 

2 6.15 L85 

3 5.40 2.2*; 

4 (].3i) 3.30 

5 6.20 3.46 

6 5.80 3.27 

7 6.20 2.87 

M<'an 5.79 2.7(» 

Here we hav(? a ratio of 2:1 betwt^en free and albuminoid ammonia. Farther noi*th 
in the stream tests mad«5 aliout the sann' time gave a r«'lation of nearly 1:1. 

At Bridgeport, in the tosts nuule during May, the ratio of 5:1 was usually observed, 
indicating a larg<T amount of decomposition in the river itself. It is, perhaps, fair to 
say that at all times important <'hanges take place in the Chicago lliver, and that in the 
summer time many important d« 'compositions are completi.'d here. 

The stockyards sewage has been a very imi)ortant fiictor in making up the cliaraoter 
of the water leaving thr Bridg«'i>ort pumps. In the ^summer of 1886 it amounted to 
about 7,000,000 gallons daily, and gave then by several analyses in parts per 1,000,000 : 

Free ammonia 42. 

Albuminoid-amni( >nia 6.4 

Oxygen consumed 2l>8. 

Later tests show a gn'at improvement in the chanu!t<^r of this wat«^r, which is ex- 
plained by the fact that it has b».'<.'n found Cijmmercially prolltabl<^ to remove many of 
the contaminating matters to use in fertilizers, etc. 

The water col]ect<'d at Bridgeport was taki'u at a point 100 feet west of the pumps, 
and from the center of the chann<'I. During the period of ^iollection the pumps were in 
continuous operation, discharging ahout 5o,0O0 cubic fee.t, or about 370.00<» gallons per 
minute, or in the day about s«^ven times tln' amount of sewage flowing into the river 
from all sources. From the 13tli to the llKli «»f S«»pt<.?mber, inchisive, four only of the 
eight pumps wer(i in operation. Some of the elTt-icts of tliis tire shown by the tables. 

The results of the analyses are given in Table II. It will be observed that these 
analyses show peculiar variations from week to week. Many of these variations can 
not be account(*d for as a number of imperfectly understood factors combine to make 
up the character of the river from day to day. With a high lak<' level, for instance, less 
dirty water flows out from the slips and a clearer mixture rejiclies the pumps. Sudden 
changes can also be produced by a heavv- rain washing out the sewers, or by luissagc 
of a large propel or in the river just before a sample was taken in the canal beyond.. 
Cach of these causes would tigitate th«» water and bring a mass of fllth in suspension. 
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Ae compare] wltb. the results obloined 
able* pocuIlarltieR. Of course uo fair uoncliisirin can he drawn frni 
sveratces undoubtedly give u» a good basis tor comparison. We have bare, iu 
jnllilon, for the sanuoer tests. 

Tron ammonia 12.263 

Alh. ammoDla , i-S&S 

Oxyften oonsnmed 

■whioli siTes l^it aa the ratio ot tree 
In lesii the rGBultB obtained gnve 



Albiimlnoid-BiRinoiiia ,' 

IFitti ]4.6:1 as the latio ut tree to Hlbuminold ammonia. Takloe Into oonsideraticltjH 
lireinilarlties In the tests ot 188(i, it Is probable thaC a ratio of ]0;1 Is fain 
dedopBd fiom the avHragea tor the whole seasoo. Even with this correction there i 

Ls a Breaf difference in the result of the two BBaflons. But after whj 
«Wd above I (hint i' ^ •"*' necessars" to look far lor an eiplanntion of this. 
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I have shown in a tnrmor reiiort that tlip late iit stwHEO oxiilatiim— using this term 
in its broad bcdbo— iloiieuds very lareply on terapi'raturo, bciue most rapid In warm 
weftthi-r. An inatruotivn ponflcmntion of the ripwn advanced then is tunUshed by 
the i-old weather tests Inbulatud nliovi'. 

Hare we have the ratio of treo to albuminoid ammonia nearly S:t with lni>rpa9od oxygen 
«oil«iimrtl0)i and gruiilly illminisheil siis|H-n<li^d matter. Th" nuirkod im^reaso in albumi- 
noid ammonia can not, thori'lori- be I'liarsi'd to this. 

It wll1boromi'mbercdtliulIh<'sllume! nllKWi wus unusually warm and dry, so worm that 
vastly Krenter amount of dcei'imiKisltion to»k tiliu:'- In the Chinwo river itaelt as nhona 
by repealed iibHen-alliins of liic Kiiulli Dmni'h, tbaii van the koki- durine: ihe summorof 
1888. The escape of (piMciiiis iiriHliii-t» of dutfomposltlmi wns very marked in 1886 in the 
vicinity of Anther Avcnui' l>iidK<'. ami I'vt'rythlni; tudluati'd that the erwatce reached the 
immi'S in a mori* oilvonetil Mixk" of di-L-iim|iositio[i thnii durini; thi' poriod of the obaer- 
vadons eovoreU by tliln report. 

"While the nununer ol tHijii vra> uiiusiiull>- warm and ih". I'nndifionH for putrefactive 
ohftDgee moKt favorable. It mimt al»o bo Haid that the winter of 1889 bns b«eu unusually 
DOlId, so that we ilrj nnt obtain au I'xncgi'nitod view of tho effects iif ti>nipi'raturo changes 
by comparlsiin. In a colder si'nsun llii- ratio of fret' to atbumluoid ammonia would 
doubtless be less lluin :t:l. 
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Tho mKBU valona (or the •onmi'^r M 
I put Bbow It rnvdi-rnli' lops (it orsuli- m 
B mi'lAliu'il In two wiiV", BwBii 
I npld. Bud I lieUfvo It qIbu rma Uut i 



l» •>< iruinvvu'iiil with llioM* ubtnlntyl Inr Vrilpk- 
nur but mufh k» tUiui tu im. TIiIsdiu>.<L 

BridffopoTt tile water wan nut f pt In a c 
loD ijnxlui'I*. Ouiuuiiiii'nllf irluuici'* took 



o yiiild JtH maximum of >] 
fciD tbe k'vnl li»lw<'«ii l)rklu<'|">i 
[ tbe Cbkneo rivi>r. 

It will bn olwcrvuil thai vi-ry muoh ku «cil]iiii>iil 1h Iouiii! M I 
I Bt1dKi>purt durliuc this pt-ricnl, luiJ It tuar 'w uripnJ thai humI ti[ IJm I 
I' ba traoed to tUs, but on sevorol dates ihfl aedimetit at Lonkport waa ti. 
e timn no oorre«ii<'iiilliuc liurrnun of albunilnolil aniiuiinta 'ir oxrAPii 

The winter t'.iats are tnatruolivu In this oonnoptioti. Tlin araoanl o( siupTtiilod aO'- 
I'tei ia small while ii nmrketl Innreaao In iklbiiiiilnnid atnmoola luiil oxyKCTi iiciu»ub 
^OSQ ItB Bfiiiii. aa pompart'd vrith Iha sumnn'r vondltiuii. Comwroil wlli J)rld««l>ort M ■ 
<r tests flbuw but little imprpTotiiPiit. Indccil, Uiorn is itt limes an appanm tt 
n OTsanlo Tualter, 

ThM theory of retarded rate of uxldtttlan by eolder wuatht-r alt' rdB tho bpM volt- 
n of thoHP pTOulla-ilieH. 



At Joliet two BtriPB of testa wltu mide. TUh aaiiiploa for tU'.- Uret l«st wwe tak«> 
>t liOok G. those for IIji.' ei'cuiid below dam No. 3. Homo diBtaiu-'U above tlie point wbrnt" 
e first Bsmplea were taken tbe ouial uaitpii with the DeaptalnRS rivtr. tiiit at/ UUlr 

ir oame down the Blruaiu daring moat of the season that its dlliiUmt effpct m 
ft out uT coQsiUerattou, 
Tbe aiuUyaes of thu Joliol samiilcH ara givsn In tnbles IV. aud Y. 
In Ibe lour niilus tiutwuHn Lockpurt and dam Ho. 2, the reduc ion is <ililti! iqipam**] 
: must also ba r^nicnitiorod t^t tlio sewage of the state prison enters akm-e 
r point, and prautJually in an uni-hanKad condition a» it Hows throuBh a olusiid ev 
PXhi' nature ot this sewage Is such as to Idrsely iuoreiiae, at timus. thu chlorlita^OflK' 
f eonttUna salt and other chlorine compounds iirodueed by proueases In operation in lliir 
tprl on shops. 

u aompouiids nndoubledly assist In rotardltii; oxlilation in thr Bcwage wbVA- 
^Uiier accompany, ao that it isdiachni^edinauomiMu-atively tresb i^undliinu Into lht^| 

A part of the drainage from Joliet itsolf eaters tho canal eiiove the point wbtm lfe» 
psatoples were taken. 

Tabij! IV.— Joliet iX-fpeb.! 
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The dillerence (n the dBtarminatlons at Lockport, on May ad and Joliet is owinit fa 
the iBi't [hat the Bamples at Lockport nom collected In the morning, but thoee at Jollat fl 
In ttie afternuoa: during: ttiis interval tliure was a verr boavy rulnbll.— J. H. B. 
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Unfortunately there are many Irregularities in the »*ummer analyses which render 
the drawing of satisfactory conchisions very diflfleult. Heavy rainfalls during May and 
June diluted the water so as to apparently divrease the chlorides, free and albuminoid 
ammonia. The addition of Jolict drainage and manufacturing waste likewise compli- 
cates our probl<'m, because the amount so a<Mi'd is not well enough known to be 
brought into calculation. 

The inor«.'aae in suspemled matter ov»t tlw amount found at LtH'kport needs ^ome 
explanation lier<». The samples reported in Table V, were taken below th^ dam, where 
a great deal of sediment was brought intu «*in'ulati<.)n by tin* force of the falling water. 
Most of this matti'r is apparently of mineral origin ami lu'avy, as it settles st)on. The 
indications of th«' last column frequently contradict tin* niimlnTs given inth«* record, as 
a light degree of turbidity may be occasii»ne(l by a eomparatively heavy sediment, and 
vice rersa. The waters called <>i»alescent hold very finely divided matter in suspension. 

Tskking all these points into c(.»nsideration, it is pl.iin that during the summer there 
was a mod<.Tate d<'^'re«5 of oxidation betw«'en L(.K*kp<»rt and the J«»liet dam, and that 
during the winter the improvement by oxidation was praetically zero. In fact, the al- 
buminoid ammonia tests show, apparently, an iiK-rease during the winter at the lower 
point I shall refer to this bel«.»w. 

The Illinois IIivkh and Its Tkihutakiks. 

Between Joliet and Mon-i**, where the ilrst lllin<iis river sample wtis taken, the water 
of the canal mixes with that «»f the Kankakee an<l DuPage. Samples taken from the 
Kankakee a*^ AVilmington, and from the DuPage, near C'hannahon, show the general 
character of these waters. Many of the samph's received fri'm C'hann.ihon were taken too 
near the m. uth »>f the river, and were c(mtaminat«'d with <*anal water. Those sent after 
August 3d were taken half a mile up stream, and sliow its true condition. The analyses 
are given in Table YI. 

Table VL— Channahon (DuPage River.) 
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Physical Conditions. 
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< « 



June 



July 
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11 

18 

25 

1 
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15 

22 

29 

6 

13 
20 
27 
3 
10 
17 
24 
31 



Sept. 7 

•• 14 

•• 21 

♦Mean . 



347.5 
353.0 
322. 1» 
372.8 
322.5 
321.2 

345.8 

318.8 

305.0 

418.4 

317.0 
354.0 
389.0 
304.9 
30U.5 
281.2 
250.1 
284.1 

308.0 

308.0 

325.0 



294.7 



2«.0 
24.0 
IG.O 
(52.3 
31.7 
IS. 5 

13.7 

18.6 

23.9 

11.7 

17.3 
11.0 
10.5 
7.2 
13.5 
17.8 
14.1 
11.6 

12.2 

14.5 

15.5 



14.1 



.156 
.8X2 
.315 
.441 
1.764 
.867 



.>r,o. 



t; ace 

.693 

.315 

1.2<i0 
trace 

.240 
trace 
trace 

.756 
trace 

.200 

1.197 
trace 



31.150 

8.250 
ll.!»20 

8.5<K> 
7.788 
7.080 

19.116 

34.1% 

37.520 

56.640 

9.204 

45.782 

46.720 

45.428 

8.142 

1.532 

5.6W 

6.726 

5.426 

6.761 

6.250 



.307 



5.786| 



252.0 
219.0 
250.2 
276.0 
240.0 
23<».0 

2«h;.o 

22tJ.O 

216.0 

23<).0 
218.0 
218.0; 
184.01 
260.0, 
220.0' 
220. Oi 
250.0 

254. 0| 

240.0' 

270.0* 
2W.8| 



4.700, 

.r»x9 

1.271 1 

.:t(H; 

.53^4 
.405 

1.596 

4.230 

4.870 

9.580 

.670 

7.180 

5.020 

7.520 

.92C» 

.400 

.370 

.780 

.142 

.134 

.176 



I 
.925i 
.395 
.3!M 
.611 
.426 
. 159 

.402 

.6(K) 

.tJOO 

.(M)5 

.360 
.770 
.465 
.540 
.520 
.3(J0 
.330 
.420 

.2:m 

.290 
.266 



.4171 



.346 



8.000 Slightly colored; clear; odorless. 

7.440 Nearly colorless ; odorlesH 

7.6<Mi Colorless; slight earthy odor 

S.610 Yellowish; earthy odor 

9.JJK0 Nearly clear; bad odor 

6.5«»o Slightly turbid; yellowish; earthy 

I o<lor 

8. 180 Shghtly turbid; yellowish; earthy 

I o<Ior 

6.480,Nearly clear; yellowish; earthy 

! o<lor 

6.080. Nearly clear; >ellowisli; earthy 

o<lor 

5.160 Nearly clear; yellowish: earthy 

I odor 

5. 2<M) Slightly opalescent: earthy odor 

7. 120| Clear, yellow ; oderless 

7.:}<»0 Nearly clear: earthy odor 

Opalescent yellow; earthy odor. 

Opalescent;colorless;earthv odor 

Opalescent; yellow; earthy odor. 
% % •> <• t< 

Slight opalescence; colorless; 

^ arthy odor 

Slight opalescence; colorless; 

earthy odor 

Slight opalescence; colorless; 

earthy odor 

Clear ; odorless 



4.IK»0 

4.:j20 
5.360 
4.800 
5.120 

5.200 

4.400 

4.000 



4.743 



* Mean for last 7. 
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■ftible Yin. gives the results loull'l by analyses o£ Ihe Morris samples. Comparins 
the winter with the summer results the Increased albuminoid ammonia of the oolder 
weather is very apparent. Thoto In no inorcasu in suspenduil matter and probably no 
Important change in eoneonlration as the chlDdni' roraains about the same. 

During the summer mouths the deoruoHO In albuminoid ammonia and oxygon 
consumptioit between Jolit't and MorriH indictai's an iniiHjrtanf Io^h of oreanlo matter. 
It might appear that this Is laigely duf to sedlmuntulion, as ih« ilItTerence In sus- 
pended mattitr boiwuon Joliet and Monls Is likewise large. But the high suspended 
matter at Joliet is largely made up of line mineral particloR, as the wator at that point 
waa taki^n immediate ly below Ibe dam, whom the oKltatlon was groat. 

The dlluliun by Kankukei^ water can not explain much of this reduction because ot 
its own laricn amount ot uitrogunous organic matter. The proportion ot Kankakee water 
at Horrts can be api>roxlmutely estlmateil by eunsldurlne that the decrease In ohlorides 
is due to dilution wllli a water containing much le.'js chlorine. Knowing the amouutot 
chlorine at thi; three points, Joliet Wilmington and Morris, and assuming that tlierc Is 
no loss In chlorine on the way. which Is jiractleaUy true, a little calculation will iclve us 
the amount iif Kankakee water mixed with tliat from Joliet to rumlsb the observed 
average at JlorrU. In IhlK way I find the dilution to be iiboutao per cent. 
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Suppasine now no chaoue to take place In the nltroeenous coD-tituenta the mixture 
ol Kankaki'e anil canal water Hhould i^ive a product yleldlDK 1.16 per million ot albuminoid 
ammonia, but we have an average ot less than half ot that, for the sumDmr. 

The oxygen eonsniliption sinke at JforriB below tliat found for the Kankakee, which 
Is anotber strong ©videnoe of purlOoatiou. 

Probably fifty per cent, ol the oreanio matter present at JoUet is doeomposcd before 
MorriB is reached. After leaving Morris (he river flows without dilution to Ottawa, 
where tbe Fox enters. Table IX gives analyses of the water of this slreajn. 

The next regular xamplcs were taken at LaSalle and below the entrance ot the Bis 
and Little Vermilion rivers. The flow from both ot those streams was comparatively 
email during most of the time ot the examinations- 
Tables X. XI and XII contain (he results ot the analyses of these two waters and of 
the Illinois. 

Tabi^e IX.— Ottawa (Fox Biver.) 
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t These observations are the roean*i ot he re ords fro 
nearest avaiUble places. Dr. M. M. E 1 1 ns C bser>er A 
Oaweeo.— J. H. R. 
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TABI.E XIL— Continued. 
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It wll! be noticed that the results given in the above tables are very irretnUar. This 
la especially true of the data (or the Bie Vermilion river, and the Illlnoia during the 
«arly part of the season. It must be remembered that the rainfall at that time waa 
beavy, producing abnormal conditions- 
Comparing the winter and summer results as obtained at LaSallo, it would appear 
at first sight that the colder season shpwB a dooreose instead ot an Increase ot organic 
contamination, as indicated by albuminoid ammonia. 

However, if we notice the chlorine found duriog the two periods, it is appwent that 
the dilution between Morris and LaSalle is far greater during the ^nter than during 
the Bummer. If we leave out of eonsi deration the earlier summer tests and late winter 
tests, when the stream was abnormally diluted by heavy rains and melting snow, we 
find that th^ chlorine amounts to nearly twice as much during the summer as during 
the winter, which points to a correspondingly lower dilution by the Fox, Big Vermilion 
and Little Vermilion, 



e actual winter change h 



1 been less Hum the i 



<r change 



To estimate the amount of oxidation between. Morris and LaSalle is not an easy 
matter. Considering especiaUy the summer work, we notice with an Inorease ot sedi- 
ment a very deci.:ed renuction in the amount ol free ammonia, but the changes as shown 
by the albuminoid ammonia and oxygen consumption are not as readily seen. The 
chlorine between Morris and LaSalle is reduced from 32 parts per 1,000,000 lo about 20 
part=. and by means of water containinff about 6 parts per 1,000.000. This Indicates a 
oonsiderable dilution, but It must be remembered that the diluting water gives 
nearly as strong tests tor organic matter as does tho main stream. This organic matter 
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is mostly of vegetable origin and undoubtedly of a more stable type than that of 
sewage origin. The Kankakee adds about as much per 1,000,000 to the Illinois above 
Morris as there is present at LaSalle, and after the addition of fresh matter by the Fox 
and in some degree by the sewage of Ottawa, and finally by the Big and Little Ver- 
milion rivers it is plain that we have no means of showing how much impurity indicated 
by the tests at LaSalle left the pumps at Bridgeport and how much was added by the 
tributaries. 

The appearance of nitrates and nitrites in these wafers is worthy of notice. The 
canal water at Bridgeport and Joliet seems to show only occasional traces of these 
products of oxidation, but at Morris they appear more regularly and are uniformly 
found below in the main stream. In most of the tributaries they are loss abundant 
being practically absent from the Kankakee and Fox. The Big Vermilion, however, re- 
ceiving a part of ihe drainage of Streator, contains more than the usual proportion. 

It seems reasonably well established that these compounds, which are products of bac- 
terial fermentation of ammoniacal salts are practically never found in fresh sewage. A 
certain time is required for their development and also the presence of an abundance of 
tree oxygen. It is also reasonably well established that other easily fermentable bodies 
must not be present, as in such cases denitriflcation takes place with destruction of nitrates 
and evolution of free nitrogen even. Supposing a certain amount of nitrification to have 
taken place between Bridgeport and Lockport, it follows from numerous experiments 
that the oxygen of the nitrates so formed must be immediately given up to aid in other 
more fundamental processes, and consequently while free ammonia disappears the tests 
reveal no nitrates or nitrites. Observations bearing on similar phenomena have been 
made by Munro, Warington, Leone and others within the past few years. 

In the Illinois river the bodies which lead to the destruction of nitrates or prevent 
their formation seem to disappear between Joliet and Morris, and it is interesting to 
note that the uniform appearance of nitrates is coincident with the slower disappear- 
ance of albuminoid ammom'a in the river below Morris. 

I believe this formation of nitrates can bo taken as the indication of the completion 
of one of the important stages in the destruction of animal organic matters in water, 
that is, where the original contaminating substances have been broken up by ferment 
action, and derived products of less complexity but greater stability have taken their 
place. These products may be similar to leucine and tyrosine or other nitrogenous 
body referred to some dis anoe back. The bacteria of de nitrification can no loi ger live 
in such water. 

Between LaSalle and Henry we have a stretch of 28 miles without dilution, except 
by rain. During the summer the consumption of oxygen is rather greater at the second 
place than at the first, but there is a decided reduction in free and albuminoid ammonia. 
It appears probable, therefore, that some destruction of organic matter goes on in this 
portion of the river. 

The analyses are given in table XIII. The increased chlorides and free ammonia on 
Oct. 9th and 12th at Henry and on Oct. Ist and 8th at LtaSalle are undoubtedly due to 
the diminished fiow but stronger concentration of canal water pumped from Sept. 13th 
to 19th, when only half the pumps were in operation. 
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Comparine the wlnttT and Hummur tests we havn In thn colder seaBon a ileorease in 
suspended matter, de^rpane In phloridiss. omrked increase in free ammonia- and appar- 
ent decrease In albuminoid ammonia- Takinglnto eonulderatlon the greater dilution as 
in(lii.-ated by the lower ehlorides. it is probable that the albuminoid ammonia here is 
greater in winter than iu Bummer, in proportion to the amount o( Bridgeport water 
present. 

Two sets tf determinations wure made at Teoria. 36 miles below Henry. In one 
case the water was taken from a hydrant in \he oity and in the olhcr from the river- 
Lake Peoria— near the end o! the inlet |ii|>e. A single analysis was made ol water taken 
at the "NairowB," some distanco above. Durinu the winter the samples were taken at 
the upper bridge, about a mile and a lialt above tho inlet, and at a point removed trom 
danger of local ci 
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Tbe reaults are given In Tables XIY and XY. These show considerable differences 
between the inlet and hydrant water and not always in favor of the latter. The eieess of 
chlorides in the hydrant wat«r is especially noteworthy, which suegeat4 a contamination 
wltll salt from Home source. It la said that there is a break in the pipe near the shote 
and at a point where contaminated water could be drawn. Part of the overflow from 
an artealan well enters the rivet 
this a ditch, which serves as a d 

Ah regards organic matter, a 
ammonia found, the Peoria testt 
affairs than at Henry. There is 
marked decrease in cbloridos. 
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Jar where the break is supposed to oiist and besides 
H for a part of the city, disobarges its contents at the 
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an increase in suspended matter and nitrates, but a 
Thi» latter must be largely attributed to dilution and it 
ts amount. The weather-bureau observations show an 
e rainfall at Peoria. sulTlclent, I think, to account for tliis dilution. 
Taking this into consideration it Is plain that the water of Peoria Lake must be 
oontamioated to no small extent. The aamptes were taken, as mentioned above, near 
the out«r end of the Inlet pipe which supplies the citr. This was supposed to be beyond 
danger of contamination by local eausoa. but a personal inspection in November coa- 
vlneed me that this is far from being the case. A portion of the city sewage Hows into 
the lake and in addition to Ihis. the drainage Irom the la^gc glucose factories and die- 
tilleriee. A porti<)a of this drainage is clean, consisting of the slops from the groin. It 
ia. however, largely nitrogenous and soon begins to putrefy thus beeomiu, 
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A i^)nHld«ratli>n of TablfH XVII, XVIII. XX. XXI. aiul XXII will show the conditKn 
of the TivvT below Pekin. Tabli' XIX embriu'i-B rewuKs obluineil by analysis of tbe W 
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> made by Sergeant John Craig. Signal Service, U. 8. j 
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STABLE XXI.— IIJ.INOIS ItlVEB AT A1.TON B. R. CBOBBIRa MBAE PBABL. 
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' These are means of observatioof 

Jaslman at GriBRBTille.- J, H. B. 

t These obsorvatlons wire made I 

^ Mean temperature by months, a 

n wbich rain telL 

remperature— MBy,«3*.7: Juno,75'.fi; July.SF.S; iugust,73°.6;. ■ Precipitation in Inohea. 

',6.12; June, 6^: July, 3.75; AuBuat.S.20. Days of raln.May, 2.7,8.15,18,24.26,28; June 5, 

t, 10,22,24,26,27: July 4,7,8.9,22,25,26,27; AuKUst 4,6,7,17,20,21,25,36, Dr. Southworth^ 



made by P. J. Ha«enstab at JaclcsonTllle, and by 



y P. J. Bates, WhltehalL-J. H. R. 
Eampsville, Calhoun Co., preelpltatlon, and days 



Tabi,e XXII.— Gbaftox IN'par M.iulh Illitioii 
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Dviriim the earlier months hiith water made the results very irregular, with gener- 
ally increased organic matter. Oq the wliole, there seems to be QO Important change 
below Havana during: the latter part of the summer, anil it appears we reach here a 
noodition in the river where the organio matter Is very slowly changed. I tiave already 
referred tu the organio matter remaining in a stream after a (low o( a loog dlatanee as 
belonelng:. in all probability, to a vory stable tyre. In the work of I98l> the portion of 
this residue lelt to be oxidized by the laboratory process was very much smaller than 
that lelt in 1388, and the reason for this difference can be found largely in the dilTerenee 
of temperature of the two seasons. The condition of the lower Illinois is, as regards 
residual organic mattiir. but little dilToFent from tliat of (he Kankakee. Fox. Big Vermil- 
ion, or Little Vermilion, and I think we reach here the limit of oxidation practically 
possible under the conditions of temperature and dilution which obtained during the 

The winter tests show many IrreBuIarities, but in general a less rapid rate of de- 
struction of organic matter than during the summer. The condition of the water at 
Beanistown Is apparently much mmlitted by the flow from the Sangamon as the tests 
below this point indicate again an increase of albuminoid ammonia. 

The water at Pearl was not in suitable condition tor analysis until late in the sum- 
mer. It was muddy until the middle of August, and, as the chlorine tests infUaate, very 
greatly diluted by heavy rains and probably with backwater from the MlsslsHlppi. At 
Grafton we have, of course, a similar condilion of afTaIrs, although the turbidity was in 
general less marked where the low chlorine shows the same dilution. Undoubtedly a 
e from the Mississippi, 
n January 14 and 21. show a large amount of chlorine 
a whiob I cannot now account tor. 



large proportion of the water here ci 

The samivlea sent from Grafton oi 

suggesting s< 



The work of ll:«6-87 shows 
temperature, and the same (Bet is b 
less marked liegree. I am therefoi 
ent results would be obtained by a 



>ught o 
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ir work of this yei 



By comparison of tho ri'suHn 
an important concluelon wliiirh at 
results obtained in thr Nummi-r t 
served alter the lar«t' pullutiuii a 
crease must be due to sodimi'nb 
most rai>iii deorease wh'TC the (■■ 
We have these pofii't I'onilitlona 
covered with ice. or ivt any rate i 



litaini'd in different ii'awiitis wf are enabled to draw 
llrht nit-Ill may uprear singular. In considering tbe 
ii'n a very rajdi) ilecrfaie In organic matter is ob- 
Bri<tKei)ort. It has been iirii>'d that most of this de- 
ii)u. It this were tru<', then we should expect the 
Klitlons favorInK stvlimentutton are the most perfect. 
U'inK the winter when the aurtaau of the water ie 
illslurbi'd bv n 



The analysfis show us, beyotid a doubt, that instead of there being a decrease in the 
amount of organle matter In the river and canal under those coniKtlons, there is a very 
Kreat Increase The oxidation and albuminoid ammonia tests show otlen aa much as. or 
even more, organic matter at Jolii t and Jlorris than nt Bridgeport, and a very Breally 
amount, aa pompareil »[th th< Bummir tests, at other iiointB ilown the stream. 

Giving these obser\atiunB ilu> vrdKht. I think we can effeetually dispose ot the ob- 
jection urged t equentiy iif late anil t''oiu 'luarters where more aocurate information 
should be ejpecteil that th' punflealion of a stream iioHuted by sewage is chiefly a 
work ot sedimentation rather than ot bacterial or other oxidation. In the winter Bcason 
Bed I mentation undoubtedly plays U\ tar the most prominent part In the disappearance 
ot pollution: but for the summer months the evidence points to something else as 
taking the first place In emplo>inK the va ious oiidation tests Or the albuminoid em- 
tnonia tests. It must be rememberid that other Indlcstlons near the source ot a gieat 
contamlnatic n are probably below the truth, while in the same stream, a hundred or 
more miles away from thlsconinminatiin, organic matters i>re.--cnt are in a more suita- 
respond to thi teats It seems true, therefore, that these methods do 
the extent ot purification In flowlne water. 

The Mississippi River. 

Tables XXII to WXn Inclusive gne the results obtained by analysis ot the water 
ol the Hississippi ri^er collected at East Dubuque. Rock Island, (julncy, Alton, St. Louis, 
East St. Louis Chester and Cairo 
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Table XXV.— Altos (Bivo 
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? Dr. J. L. R. WadBworQi, at CoUinsviUe.— J. H. 1 
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TlBLB XXI 
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Table XXVTII.— St. Loihb iBaslnl. 
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Table XXIX —East St. Lotus. 
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TiBLB XXXI — Chkbter 
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Table XXXn.— Oaibo. 
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Water from State Ixhtititions. 



The WBter 1b taken from a tllterlng gallery, out through Band rook (or a dlsCanue o( 
■Mrlf one-Iourlh of a mile, parallel (o the Kankakee river: also, la part trom the river 
tiiMctiT, as the fll'eceil supply is not always Ruflloii'nl. The analj-ses nude are as fol- 
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This institution Is supplied with surface water which collects largely in sink holes 
"A passes by sabterranean channels to a large cavern or natural reservoir. This is 
Mlled the "spring." From (here it is pumped Into settling basins, where a great deal 
i>[ earthy matter Is deposll«d. and Ihen to tliter beds where it Is thoroughly cleared. It 
is pumped into the buiidlng from the beds. The second and third tents indicate a fairly 
good water. 

T4BI,B XXXVI. 
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The wat^r UHi-d In tlilH asylum 1h i>litK[a<'il Imm Ihe towD sapplr. descilM M 
purity it ox fully aa le L-lalmi'il. Tlii' larK" amounl ot tree ammonia nuir comelil 
nounoioB ileQnllely upon tlii' re«ullH ,.( thv Illlretioii. 
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Bodium chloride 3.H 

rotassium chloride .' 12.6 

PotABsium sulphate 17.fl 

Calcium sulphate 11.6 

Calcium carbonate 12S.3 

MatnieHium carbonate 81.2 

Ferric oxide aD<l aJumlDa Il.S 

SlUca 12.2 

Oxyffen consumed 960 

le water is supplied from a boibII stream aod is evidently well Hltered In the gal- 
. Tbe recent tests do not Indicate much change, except in the amount of oxygen 
imed. as shown by the table below. 
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lis water supply is taken [rom a well which it 24 tect dpep sunk thtoufth strata 
idy loam and sand; I5D feet tromthe wlII (h>>r» is an artlQcial pond suppht-d by 
from an artesian well. This water Is heavily i.barged with salt, whieh possibly 
Bts the source of supply of the sliallow well as the wftter here allows a large 
nt of cblorideB. The privy vault is 400 feet from the weU 
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The supply of the Joliec Penitentiary is obtained from two artesian wells, one 553 
feet deep and the other 1,018 feet deep. The flow from the fyrmer etopped during the 
aatamn and at the present time the deep well turniaheH all the water used. The three 
teals show marked variations in the quality of the water. Free ammonia is uauaJly 
found in large Qu^tity Id artesian waters but the albuminoid in this well ie very high 
and Buggests the propriety oC turtber laveatiBBtion. 
TiBLB XLIII. 
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NOBHAI,, SOLDIEBS' OBP HANS' HOME. 

The water supply is lurnished by a well on th9 grounds 105 feet deep, 60 feet ot 
■whloh is 7 feet in diameter and ailed up with brlok and timber. Below this is 45 feet 
of T inch iron pipe and a strainer at the bottom. The wate.- Is not filtered before use. 
It seems to be somewhrLt similar to that of Bloomlngton. referred to be ow. At the 
present time from 800 1o 1,000 barrels per day is furnished. 
Table XLIV. 



Bttty. 
1888. 


1 


H 


f 


2 


§1 

1 S 


i 

i 
1 


1 

> 

1 


II 

: ? 


Physical Conditione, 




|;S 


lOA 


i:S 

2.898 


3,340 
l.TSl 






:o7i 


2.320 
2!5B 


Clear- o orl 'ss 














Mvan , 


m.i 


lp.86 


3.186 


2,226 




l.OBO 


.114 


2.61 





37 

Town Supplies, 



The usual supply la surface water, collected in a ravmo. A dam across thlE lorms 
a basin, out ol which the mains a> e filled. 

In dry weather, the "Davenport" well, sooalled, 1h nsed. This well is an abandoned 
coal Bhaft, 210 feet deep. Working It [or coal was given up because of the great amonnt 
of water which collected. 

An artesian well is also used in dry weather It is 2,400 feet deep and diechBrgee 
120.(KHl eallons Of water dally. 

The testa show that the surface water is far from satisfactory. The one analysis ol 
the Davenport water indicates much orgaolc matter in solution. The artesian water IH 
very hard and heavily charged with salt. 

■ Table XLV. 
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Tbe water supply of Aurora Is token from the Fox river, and is drawn from an 
ielatid in the river, 1.200 feet Jong and 200 feet wide. In the center of the Island is a 
conduit or eallery 800 feet long, made by excavating to the rock 12 feet down and balld~ 
ituc pp a wall of rubble stone on each side, covered on the top with heiolock joists set 
on edge and one-half inch apart, the joists are in turn covered with gravel and soil: 
Tlie conduit thus formed hae a section of 4 feet, and is connected by a pipe with the 
pmnplns works a mile north of the city. In the winter about 300,000 gallons daily is 
pumped, while in the summer the amount is increased to from 1,500,000 to 2,£O0,OO0 gal- 
lons, the tests are as follows: 

Table XL VI. 
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The ElglD watur Is taken from the Fox river, an 
timo tlie samples wore collected (UeBO niters were m 
of free ammonia in two of tiie aamples lesteii pame 
as a coagulant in the fliteie. 

Table XL VIII. 
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A part of the water used in the city la taken trom the Ulinoia river, and has already 
been described. A portion of the drinking water used is tumlshed by aprintrs in the 
higher [iftrt or the city. 

An espertmeotal well known aa the "city well" fiirnishcB water which could not be 
UHed as it is badly contaminated and yellow. A aeries of analyses was made of the 
water from a well 3» feet deep, at the upper sugar works, and also from a driven well 
70 feet, at the Monarch distillery. The direct indications of organic matter are not pro- 
nounced in either ease, but the nitrates and chlorides of the well at the sugar works 
suggest strong contamination with oxid zed sewage. At the di^tfUery well the indica- 
tions are much ieis pronounced. These wells are both near the river. 



Table XLIX.— "Crrr Wku.," (i 



» 


1 

S. 


[ 


ai3 




i 


1 

I 


I 


II 


Physlca] CoDdlttonS. 


5i 


1 


I 

1 


si 




as 

81. wa 

ii 








i 




i 
1 


(.80( 

IS 


aSfSS'^affiS"'::::: 


Mean. 


""■' 


27,6 


2. 543 


"" 


436. 


■" 


.181 


3.360 





Well at Uohabce Dibtillebt. 



Seipt 



yellowish: odorless. ., 



Well at Uppeb 8coae Works. 





Si 

784.1 

11 


2.0 


11.592 33.509 486.0 .OLI .054 
8.8251 35.400 520.0 .0771 .080 

ai £S! 3:! ;g| :S 


11 


Clear; oolorlesBi' iidorlesj!!!!!!;; 


Clear; organic odor.'.'.'.'.'.'.'.'.*.' V.',^ 


-"• 


712.0 


2.7 


lo.mj si.m ..... .» .11. 


1.42 





K- 




E 


If 


1 


t 

G 


1 


1 


ii 


PhyskHl Oondltlons. 


Jnly^ » (1 


(UBO. 

Si 


M.O 

n 

28.8 




3406,5 


4«»:( 




■i 


,n.6w 













The Hupplr iH BUrfaco water collected hy k creek, and trom Bprinsa. The water to- 
onmulatoa In a BtorBsc rescn'oir and 1h flBtPrud to tbe olty mains. Tbe appeatance cf 
the water <n much lioproved by the flltration. Iiut a certain amount of orgnnic mat 
BtJll found In it 
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The water is obtained trom an artesian well 1507 t( 
Inches, the flow Is 2,0W gallons per minute. Tliuso tes 
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The BuppI)' Is trom a small river, and Is not filtered. It b 
'aters found In similar streams in all parts of the state. 
TULE LIII. 
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The sapplr fB from a large well, and is shown by the tests to be of good quality. The 
well was smk In 1881 around h larKO spring flowing out from a blnff on one side of Book 
Greek bottom, a short distance from the dCy. The inside diameter ot the finished well 
is S6 feet. It was sunk to the rock 12 feet below the Burfaee. and three feet of this rook 
was afterwardB eioayated. In order to prevent OTorflow and contamlnatlou by the spring 
freehetB. Die wall was built up about ^ fuet higher and the bloft graded down around 
It- The water atands IS to 16 feet in depth and la always tiesh and clear. Two overflow 
pipes, S and 4 Inohes in diameter carry off water near y all the time. 

The supply lor Uie city, estimated at 800 gallons per minute, is pumped to a large 
wooden tank or reservoir and there distributed by mains. 
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The water furnished the city Is obtained at the present time wholly from artesian 
wells. There are three of these wells h ivlng ., depth ot 1.200 feet, and the amount flow~ 
tag is considered sufficient for present needs. 

Three of the tests Bivon below show good resultB, In the one of July 26th the result 
1b not aB favorable owing to what must have been an aooidental contamination of the 
water. 
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•Not looluding July 36. 



The city supply is taken from a large well. The tests show a large amount of free 
ammonia with small albuminoid and low oxygen consumiitlon and chlorides. 

I hare made other full analrHes of this water, and find that it deposits iron on 
standing in the air. After such depositioQ It Is almost entirely Tree from organic mat- 
ter and is. apparently, quite suitable for use. But it is claimed that in pumping from 
this well others Id the ueighborhood are immediately drawn dry. As the soil is eviden*'- 
ly porous, consisting of gravel and loam I am informed, and as sources of oontamlna- 
tlon are not far removed, it may be neoessary to carry out fuller and prolonged tests to 
determine the nature of the water. 

The following is a tuU analysis of the water, In parts per million. 

Bilioa 19.3 

Ferrous carbonate and alumina 65.0 

Calcium sulphate 5.7 

Calcium carbonate 166.2 

Masnesium carbonate 86.3 

Sodium carbonate 35.8 

Potassium carbonate 7.1 

Sodium chloride 2,1 

Total HolidB 378.3 

The recent special tests save results as follows: 
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SoBM yeMs aso a oompany atlomiiled to bore tor coal at this place, bat at a depth 
of S test eDoountered a bed of coarHe ktovcI throuKh wblrli the water came In In snoh 
qnantltiea that tho work bod to bo aban<loac<L 

In 1874 the eitr »unk a well M tevt In dlametor and 28 feet deep at thla point and ob- 
tajoed a good supply. Thla waa Increaoed In isse by sinlElng 7 elKht-inch pipes aronnd 
the oatalde of the well to a depth of 82 fcot, and 3 similar pipes from the boQom of the 
welL The water rlsea and flows into the well from the last, while the seven are oon- 
neoted In soob a manner that thei- can be used alone or io connection with the water 
ol the well proper. 

The elttzens of Bloomlnftton npealc in tho highest terms of the exoellence of the 
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1 wore obtained from several sources. In February 
of typhoid fever occurred at Concordia College, and 
mic. the college was closed on April !S. 1888. 
iion reachlug their hrjmes, of whom four died. There 
R deaths. The well water was suspected and its use 



The Springfield waters cxamin' 
March and April a number of casci 
a> the disease was beeominR epld< 

Eight of tho students fell sick u 
<ru a total of forty cases and twcl 

forbidden, and directions given that the institution should be throughly cleaned and 
purified. Upon opening ol the cohege In September last the water of the well was.bow- 
evBt, ttiaia used. No doubt in eunseriucnce of this and other causes, another outbreak 
ooonrred In February. 1889. twcnly-lhrce students falling ill with fever. The attendance 
lalling off from I7t to 53 students. Another analysis of the water was made In February. 
Tbe four samples sent from the so-calted new well— ono much used for drinking pur- 
poses—show, by analysis, a large amount of dissolved solid matter, with abundance of 
nonla and oxidation tests do not indicate an 
probable that this has been mostly decom- 



nilrates and chloriiles. Tbe last 
eicessive amount of organic matter 
posed by the soil. 

Water from three other wells In 
marked "old well", "well in pasture. 
Indicate a lower amount of solids, n 
two is high. It is Interesting, to n( 
tween June 1 and June 15. Wo hav( 
t, with a corresponding 



the immediate vicinity was examined. These are 
and "well In professor's yard." and the tests here 
:rates and chlorides. The free ammonia in the last 
:o the ehaogu in tho water of the "new well" be- 
a marked decroase In oxidation and in albuminoid 
lase in nitrates. The mineral matter taken up from 
the soli is also increased. I laa inclined to believe that the nitrates in the other wells 
are in excess of what should bis found in ordinary wells of that locality. 

The other waters tested were from the Sangamon river; from the hydrant in tho 
olHoe of the State Board of Health, before tho water was pumped fiom the new well; 
and two samples from the well before the water was pumped from it. and the last from 
ft hydrant at Concordia CoUege. from the public supply drawn through the filtering gai- 
mUary. The filtering gallery is about a thousand feet in length, running back from the 
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SangatnoD river toward a bluff. It is oonstrocted at a depth of 20 to SK feet below the 
surface, and in sand and uravel. The water li not furnished by the river, but from be- 
low the Wufl. Oooftslonally It Ib necesaary to pump a Uttle directly from the river, as 
the daily average of 2,6D0.D(W gallone eaonot be famished by the gallery Iteelt. The 
"new weir at the pump house, from which iome sampleg were taken, is connected with 
the gaiiery. The analyses show the improved character of this water ae compared with 
the water bcetolorc directly obtained from the Sangamon river, and will, no doubt, 
show more Improvement when the gallery furnishes. all the water. 
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Sept 12 304.3 5.000.. 



6.018 320 .0&« .194 3.040Clear; bad odor.. 



45 

SUIOUION BlTEB. 
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CONCOHSU C0U.BaB— ElDBANI. 
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Dbcatub. 

A laree number of analyses wore mada of wBtora from different publio sohool welts 
and from several others In llic clly. These wells have generally a depth ol 40 to 70 teat 
and are sunk Brat throuich 14 feet of yellow alaj and then throueh a Btratum of blue 
clay of variable thickness 1o a eravel bed. 

These wells present several interesting features for study. It will be seen by Ite 
teiiM below that the waters of most of tbem are pretty bard and oontaln considerable 
amounts of ehlorlne and nitrates. The oxidation and ammonia tests do not show mu h or- 
ganic matter aotually^Gxisting. Local authorities suKicest that these eravel beds. Into 
which the wells are suok. are connected with each other as wells have been drawn dry 
b7 pumping from others. 

The large chlorine and nitrates suggest contamination with oxidized products of 
animal origin and If the wells are lu communication, there may be found in this a source 
of future danger. 
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IThe following la the mean of eight analyses of water, July- September, at Chandler- 
He (Sausamcta riverli Total solids, 317.8: suspended water, 70.7; nitrogen In nitrates. 
6; ohJoHne. 3.e09; hardness, ca CO'.212; free ammonia, .05ti alb. anunonla. .286; oxygen 



consumed, 6.480. 
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CauRCB Stbbbt Bchool. 
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The spring at Marseilles Is situated In low groimd between the canal and Illinois 
river, and not removed from danger of oontamination by dwellings near. 

The two well waters from Ottawa "vere sent because (here existed good grounds tor 
beUoving them contaminated by house dr^nage. The high ikitrates and chlorides with 
albuminoid ammonia and oxygen consumption certainly oonflrin this suspicion regard- 
ing the first. 

In the second case the tree ammonia and chlorine are very suspicious. 
The waters from the driven well at Cairo were yellow when received, and deposited 
iron compounds with organic matter on s'.anding. The well is 56 (eet deep. 

The two samples Irora LaSalle came from large springs east of the city from which 
the household supply is now pumped. These springB are situated in the vaQey between 
the Illinois river and the canal, and are walled up and covered. 

The tflst of the east spring shows a satisfactory freedom from organic matter. The 
amount of water received from the other spring was Ijdo small for complete tests. 
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THE ILLINOIS RIVER BASIN 



IN ITS 



RELATIONS TO SANITARY ENGINEERING, 



By L. E. COOLEY, C. E. 



PHYSICAL CONDITIONS. 

To treat the hydrography of a river basin in a broad way, it is necessary to under- 
stand its geology,— the manner and method in which nature has disposed the rocks and 
bshioned the topography. As we appreciate the surface configuration, know the char- 
acter of the superficial deposits, comprehend the statigraphical arrangement of the under- 
lying rook and its permeable or impermeable character,— as we understand the forces 
which have wrought all this,— we see why river basins, valleys and stream beds are 
fashioned as we find them; how watersheds, under similar climatic conditions, differ in 
tiie volume and character of the floods turned into the streams, and how the dry-weather 
flow varies In volume and persistence. As these things are understood, we may reach 
oonolusions upon the ultimate effect of conditions wrought by inhabitation upon the flow 
of the streams draining the several watersheds. This is a matter of great economic and 
sanitary Importance. 

It Is not proposed to present this matter fully at this time, but briefly such a resume 
as will present an epitome of the conditions prevailing in the watershed Of the Illinois 
river above the Copperas Creek dam. 

If we take a general view of the statigraphical arrangement of the underlying rocks 
of the State, the most pront^unccd feature is the anticlinial axis crossing the Illinois 
valley between Utica and La Salle,— perhaps the remnant of a mountain chain early de- 
nuded in geologic time,— extending in a general direction N. N. W. and S. S. E. Here 
are found the oldest rocks in the State, and the lowest horizon in the geological series, 
the Caloiferous group of the Lower Silurian period. 

This group outcrops upon the Rock river, in Ogle and Lee counties, and at the Falls 
of the Ohio, at Louisville. The lower magnesian limestone carries the water lime quar- 
ried alt Utica and at Louisville, and above it lies the St Peter's sandstone, extending 
along the Illinois from Utica to a point above Ottawa, from which the glass sand is 
derived. 

In a general way, the rocks to the eastward of this axis succeed in regular series. 
The Trenton limestones lies to the north of the Illinois valley, then the Cincinnati group, 
(limestone vrtth shaly partings,) crosses the Illinois valley in a belt some eight miles 
wide above Morris, and in which the bed of the lower Kankakee is situated. Both of 
these groups bolong to the Lower Silurian. 

Still above those in the series comes the Niagara limestone of the Upper Silurian, 
developed over a large extent of country in the northeast portion of the State, toward 
Lake Michigan. This rock underlies Chicago, extends down the Desplaines river to 
Ohannahon, and some of its beds are quarried at Lemont and Joliet. 

There also lies, to the eastward of the axis and over this orderly succession, from 
above Ottawa to above Morris, the lower coal measures of the Carboniferous period, 
with some development to the north of the Illinois valley, but generally to the south- 
easterly. 
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As should be anticipated, the general dip of the rocks above described is at r 
angles to the axis of upheaval, or from La Hallo toward Lake Michifiran. There are « 
less variations in thickness, flexture, dip, etc.. the characteristic disposition only b« 
here set forth. 

Some of these rocks are porous or water- bearing, as, notably, the St Peter's "^ 
stone, from which the artesian supplies in the northeastern portion of the Stat^ 
drawn. The Potsdam sandstone, lying on a still lower horizon, but not outcroppin 
also tapped for water. Some spiings are developed in the Cincinnati group, and SkXa 
some of the numerous strata of the coal measures. 

So far as these strata outcrop, or are out into by the beds of streams, they funi 
springs and a uniform supply of water. So far as they constitute the immediate uiide 
lying rook, they absorb ultimately more or less of the rainfall. pr<jviding the superflcJ 
deposits are permeable. So far as the rocky strata are impermeable, they arrest tl 
percolation of the water downward, and ultimately deliver it at some outcrop on a low* 
level. Aside from the permeable rocks, some of the limestones are jointed or fissure 
through which the waters have dissolved channels of cavernous proportions. It is n 
known that any such conditions prevail in any of the strata of the northern portion 
the State. 

It Is apparent that the general dip of the strata is in the wrong direction for a lar 
supply of ground water to the Illinois valley. Had, for instance, the St. Peter's sandstc 
inclined in the pi oper manner, it might be furnishing a large supply of water fr< 
Lake Michigan to the valley. The manner, however, in which Lake Michigan was form. 
determines the dip of the strata in that direction. 

If we consider the strata to the southwesterly of the axis of upheaval, we find 1 
later rocks occupying the larger proportion of the area of the State in a sort of tr9u, 
in a direction from the vicinity of Rock Island to the Wabash, the earlier rocks fringi 
the State upon the west, southwest and south, from above Burlington, upon the Mississii 
to near Shawneetown, upon the Ohio. In this geological basin or trough, the underly 
rock is about half in the upper coal measures, all to the eastward of the Illinois, i 
about half in the lower coal measures. 

The rim rock is of the Lower Carboniferous period, with some minor axes of 
heaval, disclosing the older rocks as the Devonian at Rock Island, Devonian and SiJ 
ian in the vicinity of the mouth of the Illinois and below, and also in the southern 
of the State. 

As we gather these ideas, we can infer where ancient lakes, valleys and watersh 
must have been, and where they would be now if the conditions had remained 
changed. The surface of the State and of the underlying rock has been profoui 
modified, denuded, planed down and flexed, by the forces of at least two well as( 
tained epochs, called "drift" or "glacial," and the topography defined by the debris lef 
these periods. To a large extent, no doubt, the valleys were eroded or their locati 
determined before these periods, especially on the main lines, though the detail top 
raphy was formed at these times. The arterial valleys were, however, greatly modif 
In one of these periods, the valley of the Mississippi, at Rock Island and at Keot 
was filled up, and the modern channel is in a new location, over rapids which pres 
forces are inadequate to plane down on the scale of the older valley. The Illinois 
ley in places was partially filled with drift or glacial deposits, and in some sme 
streams the forces of erosion have not since been adequate to their removal. 

What may be called the first drift or glacial period, extended southward nearl; 
the southern end of the State, and left deposits of clay with gravels and sands, 
debris of all the northern rocks to Lake Superior and «ven farther, from a few lee 
two or three hundred in depth. These are denuded in places, exposing the underlj 
rock, eroded in valleys, covered by lacustrine deposits; but in general they are 
basis of soil throughout the glacial belt in northern latitudes. Rich in the proper r 
eral constituents, on the flat expanses of the original deposits flourished that ac 
vegetable life which determined the uniform features and fertility of the prairies. 
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This drift Is more or le^fl mrMlitl»*iI. aii«l t^i that extent tho gravels and sands are 
itEtttifled. or otherwlB^^ arranf^-d by wutiT a<'ti<»n. so that tb«^y are waterbearing under 
present conditions. 

The second and last tflaii.*iul ihtiih] i*. niu^'h bettt^ defined, and its action, though 
Itf more limited, was mon* •.•hara«-ti'ri»*ti«*. At l«*ast. it left those changes which are 
nesrer our time, more dlp'etly r*'lut*'«l to m^NliTn problems, and of more immediate in« 
terest in the upp#*r l>asin ot th«* IliinMi>«, with which w«* an* immediately concerned. 

Suppose that a great glai'i**r. a s^a i»f U-*', }Ul<*d th<* bed of Lake Michigan, several 
bnndred feet In thickness abrivi- it?* iin"?»«*nt li-vfl. oviTlupjiing the present shore lines 
lur Inland, extending w*dl duwn int*i Illinois, with its general axis in the direction of 
the lowest level or al<»ug th«' cour^«* <»f th** Illinois valley, shoving, however, outwardly 
in all directions to lowi-r li'Vi-N, or a.-^ th«* n-f^isting foRM-s jjerniittiMl; suppose that this 
glacier, in its greatest ••xtt-n-^ion, n*ii«'h«*i| thf lin«* <lividing the waters of the Fox from 
Bock river. Bureau en-ek fmni <in'»'n rivi-r, <Tossing thi' Illinois valley at Putnam, and 
extendinur southeastfrly al«>ug th»* g«'n«'rul line sfpuruting the waters flowing northerly 
from those flowing to the Mit<:kiiiaw and Sangamon, between the Iroquois and Big 
Termilion, and between th** Kankakfe and Wabash in Indiana; suppose that this 
great filaoial fleM. in its southward in<»v«*mi'nt. brought th<' grindings. the washings and 
tbe debris of all th«* north»'rly r«»«'k>^ in its ^-ourse, un<l ib.'posited the material at its 
melting fringe: suppose that ft»r a p»Ti«.Ml of time the bordt.Ts <lid not change— that the 
forces of advance, just balatn.MMl l»y th** m«'lting "'onditions of climate, deposited a great 
moranlc ridge of ^lebri**. that tliep* are pi.-riods of comi)aratively rapid recession and 
again periods of e<iuilibrinni. tlirowing down concentric ri<lges; suppose that the 
enormous volumes of water, pouring at llrst down the slopes of the outer ridgo and ex- 
oaTating there the valley^, at a later iieriod drained inside the ri<lge, between it and the ice 
fringre, to the main <lrainage ur the Illinois— then yuu have a general picture of the last 
fijacial period in Illinois. 

A relief map of north<*rn Illinois wouM show these concentric lidgos, most widely 
separated along the axis of movement. an<i <'losinK on each o'her in a common ridge as 
we go north into Wis<.*on'*in, nr easterly into Imliana or Michigan. Between them lie 
the tributary valleys, th<' nuirginal lines of glacial <lrainage, all conct'ntrating fiom tho 
north and from the south and from the oast the flow of waters in the Illinois Valley. Like 
inner lines of defense, the great ridges succeed each other with subsidiary ridgos and tra- 
verses which deflne the mln<»r basins. As we approach Lake Michigan, the last great 
ridge, or the pn.'sent rim of th«' lake basin, crosses the old outlet above Lemont, in tho 
township of Palos and Orlaud, going eastward, between the Calumet and Kankakee* 
into Indiana ami northward, as the w<.'st slope of the Desplaines watershed, into Wis- 
consin. In very recent times the Desjilaines, lik«.' the Calumet, sent its waters to tho 
lake, but alluvial d«?posits, pr(^bably assiste<i by the lu-aver, changed its flow in part 
down the old outlet valley. 

During the last glai.'ial i»eriod, tht* underlying rocks were generally denudtnl, though 
In places the drift of th<' pre<'eding i»erio<l, with its overlying soil and beds of humus, 
was left undisturbe*!. Wo should exiiect that the ri<Ig<.'s would be largely as they were 
left, clay flUed with boulders, gravel and sand, sometimes with irregular sand and gravel 
pockets; that their outer slope's should Ik? steepest and their inner slopes gentle, and 
the valley of the stream close t<» the suc«.'eeding ridge; that the material should show 
more tendency to sorting or arrangement in beds of clay, gravel, etc., as the drainage 
lino is approached; that there should be (.X'casi<.)nal ridge gaps, with plains of gravel and 
sand behind (like that at IMainlleld, Will county, and of which .Toliet Mound is a remnant 
below Joliet), where pent-up waters have poured out, leaving only the h(»avier mate- 
rial; that the summits of th(^ ridges shouhl bo h'ft with depressions in the mud oxially 
at right angles to the ri<lge (the i)resent lakes, ponds, marshes and bogs); that the un- 
derlying rocks should be scratched, ground and scored in tho direction of the move- 
ment which the superflcial <h.'i)0sits indicate, and that in these directions we should And 
the debris of the rock strata i>assed over. In all those things the expectation is fully 
Torifled. 
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A general ice cap covered the northern zones down to the international boundary, 
or below, and sent southward great tongues of glacial flow— one going out the head of 
Lake Superior, one out Green Bay, one out the bed of Lake Michigan, one out Saginaw 
Bay, which moved southward and lapped its debris with that of Lake Michigan in 
northern Indiana, and one out of Lake Erie toward the Wabash valley. Between these 
tongues are found no glacial deposits, no drift, the underlying rocks undisturhed, and 
the surface soil partaking of their character, fertile or otherwise, as in southern zones, 
rather than the uniform characteristics of the drift areas. Such driftless areas exist in 
northern Wisconsin, Ibetween the Superior and Green Bay tongues, and in southern 
Wisconsin and northern Illinois, between the Green Bay and Michigan tongues. 

If, to this general conception of a northern ice cap with the limits stated, we add an 
ice cap at the southern pole no larger than now exists in arctic regions, we can see 
how such conditions would shift the centre of gravity of the earth sufficiently, how such 
masses would shift the waters northerly, so that an arm of the Gulf of Mexico would 
cover the site of Cairo and the southern part of the State. 

Perhaps primitive man saw the last glacial period. The record is, however, upon the 
rocks, in the character and manner of the superficial deposits, in the the configuration 
in northern 'latitudes. Toward this general conception the scientific mind has been crys- 
talizing for fifty years, and only by some such interpretation is what we see and find 
understandable. The astronomical physicist interprets the endless variation and recur- 
rence of ilanetary movement in cycles of time, t^lls when these periods have occurred 
in the past and when they will recur in the future. The scientific explorer studies the 
predominating antarctic ice cap, investigates ice action in the far north, follows the glacial 
flow in the gulches of the great mountain chains, and sees there occurring as though 
yesterday in time, that which has produced the profound results, and which we have 
endeavored briefly to portray. 

As we gather these general conceptions, understand the forces which have acted In 
the underlying rocks, their character and dip, comprehend how the superficial deposits 
have been made, their nature, extent and configuration, the changes in level and fiexture 
of the earth's crust, we appreciate how basins have been defined and valleys formed, 
what to expect in fiood and low water and the tendency of the changing conditions 
wrought by man. All this must be understood to make intelligible the hydrography of 
a river basin. 

As we understand the forces and mode of action in the last glacial period over the 
area reached by the Lake Michigan glacier, we can see how the north and south tribu- 
tary watersheds of the upper Illinois river are all arranged in parallel series, even to the 
minor basins. We can understand how little of the rainfall can go down farther than 
the suiface has been frost-heaved and dessicated by the vegetable growth of ages, how 
there is little stratified drift and gravel; how water courses were arranged by the water 
action of the past, to equalize the flow to the streams how the permeable rocks derive 
their supplies in remote regions and furnish in Umited amount the water which was pre- 
cipitated ages'ago. 

In some basins, notably the chalk of England, water reaches the streams almost 
wholly as ground water giving an equable flow at all seasons. The same is characteris- 
tic of the Greene river in Kentucky, and of all streams of equable flow. The upper Illi- 
nois is supplied almost wholly by surface drainage, and under such conditions, the 
variations with changing season and year by year are most pronounced and the superfi- 
cial changes efl'ected through inhabitation will be most potent. 

The Illinois Valley, at least in its later stages, ^ as excavated by the glacial drainage 
gathered in by its upper tributaries, the great volumes of water from the melting ice 
<jap conducted hitherward along the Une of glacial depression and carrying in large 
quantity the grit to grind and chisel away the resisting strata. As these strata vary, so 
do the characteristics of the valley eroded therein, in width, grade and general features. 

The valley from above LaSalle to Beardstown is cut in lower coal measures, easily 
erodable, and is consequently wide, with a rooky floor at a oonsideaable depth below 
the present surface of the bottoms. Below Beardstown Lower Carboniferous limestones 
<jontinue to Columbiana, succeeded by Silurian rocks to the mouth, the" strata less erobable. 
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the Talley narrower and with more rugged escarpments. Throughout the whole 230 
miles, the grade is very small, or such as is only due to an enormous volume of water 
oarrying debris to remove by attrition. 

Ascending from LaSalle. the waters and the debris were perhaps lessened in the 
glacial retreat, and when beyond the Chicago divide, clear water with less eroding force 
oame. The valley is carved largely in the Silurian strata— more resisting than those en- 
oonntered below— and the valley is narrow with heavier grades and precipitous descents.. 

Opposite Utica, the lower magnesian limestone carryfng the water lime is developed, 
and the deep bed eroded in the coal measures below terminates abruptly. A steeper 
grade begins and is continued in the St. Peter's sandstone to two miles above Ottawa. 
Here the bed is again in the coal measures, a steep grade to Marseilles, or the chain of 
rocks near the mouth of the Kickapoo. Thence it is comparatively level and deep, the 
bed filled with debris, until the Cincinnati g onp of rocks is reached with a rocky bed 
to the streams, two or three miles above Morris. The limestone rock, however, at Mar- 
seilles is of limited thickness underlaid with Are clay, so the margin has been very 
narrow against a deeper erosion of this portion of the valley. 

Cro-sing the Cincinnati limestone with some grade the Niagari limestone is met 
» near the foot of Lake Joliet. Lake Joliet and Lake DuPage are simply two deep pools 
at the foot of steep slopes excavated by the great flow of glacial waters down the Des- 
Plains and DuPage val eys. Rising from Lake Joliet. the e is a sharp slope in the re- 
sisting Niagara limestone of about eight feet per mile for ten miles to Romeo, thence a 
gentler grade to Walker's quarry, above Lemont, which is the summit of the rocky floor 
of the old channel and eight feet above low water in Lake Michigan. 

Beyond thi^ the general horizon of the rock deepens, its surface apparently irregu- 
lar with superficial deposits of clay, hardpan, gravel and boulders, until in a few miles 
the rock dips well down under the site of Chicago. This description is also true in part 
of the Sag channel leading out through the Calumet region though the rock appears to 
lie at a greater elevation under the larger part of the Calumet district. 

In the glacia re 'reat beyond the southern bordeis of Lake Michigan, the waters 
pou ed out by both of these channels, uniting above Lemont. All the ridges about the 
head of the lakes are benched and these levels can be traced for long distances, and 
some of them are characteristic, as showing where the waters stood for a considerable 
period o ftime. 

At a level, 30 to 35 feet above present low lake, is a well defined beach line extending 
from Evanston around into Indiana, which must have ma'-ked the level of the lake for 
a long period of time, when the flow across the rocky floor of the old outlet could not 
have been e««s than 20 to 25 feet deep and the volume probably gi eater than the present 
Niagara. This was t'en the outlet of the th-ee upper lakes, Superior, Huron and Michi- 
gan when the conditions which determine volume of water were not radic lly different 
from the present. 

The circumstances which caused the abandonment of the old outlet, we will only 
allude to. The earth crust, relieved of the great ice weight, may have slowly risen until 
the flow was intercepted and the channel at Port Huron opened. It is supposed that 
the bed of Lake Michigan was fashioned in pa-t by erosion and in part by the flexture 
of the crust under the ice weight. The Huron barrier, virtually a moranic deposit, may 
have given away through long and increasing percolation, and drained the lakes down 
below the level of the outlet. The indications ar that the change was not i rolonged 
over any considerable period of time but was measurably abrupt. 

As the glacier retreated northward, the upper tributary valieys of the Illinois river 
uncovered and began to clear themselves of debris. The graiual retreat, the dim nish- 
ing supp y of water until it became measurably constant and the supply of debris, formed 
in the valley it-» own banks and flood plain— overflowed in summer— which now consti- 
tute the terrace, or second bottoms, traceable with some interruptions from Lake Joliet 
to the mouth of the river and furnishing the locations on which towns are built. The 
Hennepin bottom, the railway location from Bureau to Sparland, the i^te of Henry and 
the lar ge fertile are i behind it, Lacon, Pekin, Havana, Beardstown, all mark the level of 
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the old flood plain below LaSalle, from 30 to 40 feet above present lo'^ water and from 
20 to 30 feet above the present bottoms, well above the highest waters of recent time. 

These terraces mark the boundaries of the ancient stream flowing as the proper out- 
let of the three upper lakes with a volume greater, perhaps, than the present St. Lawrence. 
We have Uttle information as to the de th below LaSalle, but from ^uch examinations 
as have been ma e, a depth of 15 to 20 feet of mud and alluvium is passed through 
. below the present low water before we strike the sands and gravels of the ancient 
stream bed. At ChiUicothe, the gravel lies at 21 feet, and the r ck floor of the valley at 
36 feet below ihe lev 1 of the Copperas Creek pool 

The abandonment of the old outlet makes a radical change in conditions. A great 
stream bed, with its flow line well above present limits, carrying the waters in equable 
from a watershed of not less than 210,000 square miles flow— perhaps along with the 
gradually melting and retreating glacial accumulation of ages— is suddenly depleted and 
reduced to a local watershed of less than ) 2,000 square miles above Peru, with all its vari- 
ations of flood and summer flow— such extreme variations as occur in a watershed 
almost wholly of surface drainage. 

The local tributaries had become adjusted to the local drainage, had worked out 
their courses and grades in harmony with the conditions of water supply and the 
material of their beds. So the abandonment of the artery made no change except to 
steepen the grades in their lower reaches. But the great stream bed was not adapted 
to the changed conditions and must perforce shrink its dimensions and anjust its 
grade until the local volume of flow is in equilibrium with the forces of deposition— 
until from the spoils of the local drainage, the old stream bed is fllled and reduced to 
present needs. This operation nature is now engaged in and will continue for ages 
until completed, unless man intervenes with a volume of water more uniform and in 
better harmony with the grade which now exists. 

What is nature doing? Filing the old bed below LaSalle with alluvium, sand, ooze, 
steepening its grade, having already raised the bed of the stream from ten to fifteen 
feet above the old bed and fllled in bottoms from 25 to 30 feet deep between the ter- 
races or old banks. Every tributary Is bringing its load and the main stream distri- 
butes the same or is choked thereby; yet the banks are only halfway up from low to 
high water while every alluvial stream in adjustment only tops its banks in extreme 
flood. Nature has a great task before it, a task longer than the perpetuity of nations, 
and meantime great areas of bottoms remain worse than useless, distilling disease. 

Every upland stream carries its strip of higher ground across the bottoms, laving 
strips and patches to mark its former course which it may have abandoned to build up 
lower levels. Between are lakes, bayous, sloughs, marshes, a large proportion of the 
total area, flooded deep in high water, and building up with each year's light deposits; 
forbidding, unhealthy, stagnant, almost inaccessible reservoirs to feed the river in low 
water. Then there is the strip of higher ground along the river bank. 

From Hennepin to Peoria, the tributaries are small, the total watershed very lim- 
ited, and little detritus is carried across the bottoms to the main river. The valley filling 
is largely from the detritus of the upper river watershed which continually encroaches 
southward upon the remnant of the old stream represented by the broad and deep ex- 
panses from ChiUicothe to Peoria. The large tributaries below have adjusted the con litions 
more nearly to their requirements, or the stream is in better harmony with its modern 
life below the Sangamon. But here backwater from the Mississippi complicates the 
fiood conditions. 

Above La Salle, in the St. Peter's limestone, the modern stream has eroded a bed 
commensurate with present requirements. Still farther up, through the coal measures, 
and to the Cincinnati limestone, a stream bed has properly worked out, partly by erosion 
in the rock, and partly by raising the bottoms through deposition. The grades are ample 
to accomplish such results, and from the reef above the Marseilles dam to above Morris 
the excavated bed seems to be fllled in part by heavy aebris. 

The Desplaines above Lake Joliet has cut no channel in the rock; it has barely cleared 
away the fioatrock and defined its course for a depth of one to two feet, and its boideis 
have not been raised by silt deposits,— evidence that this stream has flowed southward 
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for a short time,— but a few hundred years at most. The rocky floor from Joliet to Le- 
mont is covered only with the thickness of a turf, and the "twelve-mile level" from above 
Lemont to Summit, with its alternation of pool, drift material and rock, is the remnant 
of the past. The silts of the Desplaines watershed have gone lake ward, deposited in the 
Mud Lake region, and partially dammed the flow in this direction. Had the Desplaines 
gone southward ever pinco the abandonment of the ancient outlet, it would ere this have 
grooved itself in the rook, built up its banks, and reduced the prism of Lake Joliet to 
present requirements. 

Thus, from the disposition of the rocks, from the glacial action, we may infer how 
the basins have been formed and the valleys defined; from the character of the super- 
:flcial deposits and the underlying strata, we may judge the flood and low water conditions, 
-and the effect produced by inhabitation; from the functions of the ancient valley, we may 
<iiagnose the constitutional disorders produced by present conditions, and prescribe the 
remedy. 

EFFECT OF INHABITATION. 

Inhabitation may produce profound changes in the flow of the streams which drain 
» local watershed or basin, and, within limits, modify the climatological conditions. The 
nature and extent of these changes, the effect of inhabitation, as already inferred, is 
dependent largely upon the superflcial features, the distribution and character of the 
drift or glacial deposits, and the nature and disposition of the underlying? rocks. 

In a region of steep slopes and scant covering of impermeable rocks, wooded, the 
protected surface, the humus and debris, absorbs and retains the falling waters, dis- 
tributes them more equably. Yet there comes a time when this capacity is exceeded, 
or "When the suaface may be frozen or impermeable, and also when a succession of dry 
seasons leaves no moisture, and the result is that the earliest records may show as great 
extremes of high and low water as the recent. After the clearing away of the forests, 
the slopes drain more readily and fully, the supply retained is less and sooner ex- 
hausted, and there recurs constantly those extremes of high and low water which were 
before phenomenal. The flow of water is more immediately dependent upon the meter- 
ological conditions. The slopes, too, are more readily erodable, the streams become 
torrential, and their beds choked with the unusual supply of detritus, which of itself 
increases the apparent volume and extent of overflow. 

If a similar region is underlaid with permeable strata, then the rainfall percolates 
downward, except when in great excess or, when the surface is frozen— a rare circum- 
stance under such conditions. The streams receive a more equable supply, and may even 
continue after successive years of dry weather, from the supplies stored in the sub-strata. 
Under these circumstances inhabitation may not materially change the natural order. 

In a flat region, or one of gentle slopes, with impermeable, subsoil the water collects 
in the depressions or moves slowly over the surface as a thin sheet. If the fall of water 
is moderate it may never reach the streams, but evaporates; if large, a great volume 
will accumulate upon the surface, to Anally reach the watercourses in larger floods than 
«ver come from any other class of watersheds. Unless the ground is frozen, it takes 
heavy precipitation to start the streams, and in dry weather the flow, of course, ceases. 
the surface gives up the little moisture it may contain cracks and is capable of receiving 
considerable wate • before it again flows away. 

If, during the ages, a few feet of the surface have become permeable through the 
action of frost, drought and vegetation, a soil or mold is formed; the depress 0:1 s flUed 
with absorptive peat or humus, or remaining as ponds and lakelets, the action is modi- 
fled. After a drought, it may take even more water to so saturate the surface as to 
make contributions to streams, the flood volumes will ordinarily be less and the flow 
more prolonged, and except under extreme conditions the flow from lakelets, ponds and 
hogs may not entirely cease. Such areas are not usually timbered. This condition 
would be further conservative and distributive of flow. 

Inhabitation drains the natural reservoirs which have been furnishing a scanty vol- 
ume to the streams in dry weather. It ditches the lands and increases their porosity so 
that the surplus water is more readily collected and more rapidly carried away: 
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this is not all. The land, though more absorptive, does not have to become ohargred to 
the full capacity of the spaces between the particles, to overflow, as it were, but the 
waters percolate to the drains; the action is reservoir like, equalizing:. The capacity to 
take rainfall is also greatly enhanced, and the precipitation must be rapid or frequent 
to overflow the groimd for any length of time and to saturate it beyond a capacity for 
more in a brief time. 

These conditions, with extreme precipitation or frozen ground, may not eflfect floods. 
After extreme "drought, the flow will start sooner. In the ordinary case, the flow will 
come quicker, more gradually and last longer, but the result upon the stream will de- 
pend upon how far the reservoir action of the ditched lands will outweigh the destruc- 
tion in large measure of the natural reservoirs. In any event the low water flow of the 
ordinary year is greatly lessened or wholly stopped, as the drained lands will not part 
with their moisture beyond a certain point, except through vegetation and ordinary 
evaporation. A diminution in the forest area, exaggerates the extremes, while its in- 
crease is conservative. 

If we suppose the same general topography with shallow cut valleys, the substrata 
permeable, then the results will vary materially with the precipitation during the year, 
or during successive years. The tendency is to distribute results like permeable strata 
with steeper slopes, or with deeper cut drainage linep. The flow through perm« able 
strata is necessarily slow, but is like flow everywhere, requiring grade to carry the 
water to some point of delivery. The general surface of this grade is called the ground 
water plane, and its height and slope vary with the supply of water, or with the sea- 
son or year. Under the conditions of land stated, it lies necessarily close to the sur- 
face, so that heavy precipitation may cause the ground to be entirely filled, or to over- 
flow, with flood conditions resembling those previously described, while the low water 
flow is well maintained. So from such surfaces, in wet years, heavy floods are to be ex- 
pected, and again in other years, none at all. Inhabitation will drain such regions so as 
to lower or keep down the ground water plane, and to this extent may exaggerate flood 
conditions and diminish the supply for equable distribution without impairing the low 
water volume of the dryer years, let lowering the ground water plane leaves the 
ground above in a reservoir i ondition, so that the effect under some circumstances may 
be conservative as to flood exaggeration. 

Such permeable grounds are usually more or less timbered. The clearing away 
exaggerates the surface drainage without any marked effect upon the low water volume 
of the streams. 

The four general condi'ions discussed are typical. There are endless variations in 
the conditions of surface, configuration, subsoil, depth to rock and its character and dis- 
position, the distribution of drainage lines, n differen: basins and even in the same 
watershed; differences in climatological conditions, in the amount and distribution of 
rainfall with the season, and with the years,— all factors in the flow from the watershed 
in wet and dry season, in flood and drought. As the flow of streams is studied, the 
hydrography of basin interpreted, all these things must be more or less appreciated 
and as the causes are apprehended the habits of the st? eam are imderstood. 

As we understand the changes brought about by inhabitation in typical c a?es, we can 
apply the inferences to the condi ion that may prevail in any given basin, and thus 
reach results signiflcant of the future. These may have a profound economic and sanitary 
importance and be well worthy of attention, with a view to correction or such provision 
as should precede rather than follow when necessity compels. 

In general, it may be said, that the tilling of the surface, enables it to take the rain- 
fall more readily, makes it more immediately absorptive than the prairie turf of cen- 
turies, often hard and compacted so as to shed the rainfall rapidly. At the same time^ 
when the ground is saturated, the surface flow carries great quantities of ma erlal as 
silts to choke the stream bed or build up bottoms. This action is vastly exaggerated 
under the condition of frozen ground with melting tnow, or the spring rains which 
settle the frost-heaved ground. So far then as inhabitation may exaggerate the floods* 
* r decrease the low water, and with the vastly increased supply of detritus from the 
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tiUed landB in any event, the streams themselves are placed under much more difQcult 
oondltions. In part, no doubt, recent popular ideas in regard to the change in the flow 
in 8 reams are duo to this fact. 

It may also be stated generally that winter may begin with rains, a melting snow, 
to freeze quickly and close the surface against absorption, and that this condition will 
produce spring floods in any region when the accumulated snows are molted, oft«n with 
drenching rains, leaving even the underlylying soil devoid of moisture. Such a condition 
prevailed over a large portion of the upper Illinois basin in 1887. Heavy ice or snow 
water freshets, followed by a verv dry soil and as little land-water in the Illinois river 
at Morris (in May) as known for thirty years. This probably came almost wholly from 
the natural surface reservoirs. 

It is no doubt true that all these effects of inhabitation react upon the meteorological 
conditions— to what extent is a matter of speculation. It is the general belief, west of 
the Missouri river, that the rainfall is increasing (there seems to be little or no doubt of 
it), and this result has been ascribed to the tilling of the ground, the increasing porosity 
and absorbing power of the surface. Such effects, if occurring in Illinois, would be less 
noticeable with the greater precipitation in this State. I is diiflcult to believe that the 
profound meterological causes can be materially changed, but the local cycle, subsidi- 
ary thereto, can no doubt alter in some degree. 

Although the flow of local or tributary streams may be profoundly modified by in- 
habitation, this is true, in less degree, of the main stream or artery, the change being 
less with the area of basin considered. 

The flood volume of a stream is never equal to the combined flood volumes of the 
tributaries, and with many tributaries and a large area, does not even approach such a 
volume. The several tributaries will not reach high water at the same time, nor will 
their floods reach the main stream conjointly; neither do they enter at the same point, 
but are distributed along the valley. The practical result is that the duration of the 
flood in the main stream is much lengthened, and the volume is correspondingly less 
than the aggregate of the tributaries. Alteration in the flood conditions of the tributa- 
ries will not materially change the time or order in the contribution to the main stream, 
and as the results are only partially cumulative the effect is relatively less. In many 
large basins no sensible change would probably occur. 

The reverse is true, in a less degree, of the low water volumes. No two tributaries are 
in exactly the same condition as to low water at exactly the same time, but as the low 
water period is very much longer than that of floods, the results are more nearly cumu- 
lative. It is found, practically, that the low water volume in small basins is less per 
square mile than in large ones. Thus, the Mississippi at Grafton carries about four 
times the volume per square mile of its watershed as compared to the Illinois, though 
the conditions are not strictly similar. 

Rains may not be uniformly distributed in any one year, nor in the same manner 
during the succeeding one; a considerable range in latitude may be covered, giving a 
very moderate and prolonged flood from the melting snow in streams running southerly, 
and cumulative results in those running northerly; basins may be differently shaped, 
thus collecting the waters rapidly and cumulatively, or slowly and distributively. a 
tributary basin may be subject to an extreme local flood, from extreme precipitation, 
which seldom exceeds the smalh^r areas at a given time. So from many causes, as the 
stream grows larger and drains a greater area, the extremes of low water and flood 
are relatively lessened, and the effects of inhabitation are less marked. 

In all the results due to inhabitation, the detritus contributed to the main stream is 
greatly increased. The effect of this may be profound in a stream bed of Uttle grade, 
and which, under previous conditions, had not yet adapted itself to its work. This, 
coupled with the diminished low water volume, has an important bearing upon the 
navigable utility of the stream in the future. 
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Under the previous head, the character of the upper Illinois watershed has been set 
forth— impermeable substrata, a good depth of permeable surface, flat or moderate 
slopes, with considerable bog. marsh and lake, and little timber, the main vaUey not 
adjusted to the drainage conditions below Utica. Inhabitation will increase floods, 
greatly reduce the minimum flow, multiply the amount of detritus. The tendencies will 
be destructive and most unhealthful in the lower valley. The conditions are presented 
more specifically, and in detail, ater in this section of the report 

POPULATION DISTRIBUTION. 

The project of supplying an additional volume of water to the Desplains and Illinois 
rivers from Lake Michigan at Chicago is of interest and great importance to the urban 
population of Cook county and to the population upon the watershed or basin of the 
Illinois river, or nearly two-thirds the population of the entire State of Illinois. 

The area of the State is about 56,000 square miles.* The area of the basin of the Illinois is 
27, 914 square miles, of which 4,110 square miles lie in the states of Wisconsin and Indiana. 
The area draining to Lake Michigan in Lake and Cook counties is 1,14 1 square miles, 
of which 450 pquare miles are in the basins of the Calumet rivers in Indiana. 

The population of the State, of Cook county and of the State at large for 1850, 1860, 1870, 
1880 and 1888, is given in the following table: 



Date. 


State. 


Cook County. 


State at Large. 


Bemarks. 


1850 


851,470 ' 
1,171,951 
2,539,891 
3,077.871 
3,700,000 


43,385 

144,954 

349,966 

607, .'24 

1,071,020 


808,085 
1,026,997 
2,189,925 
2,470,347 
2.629,000 


U. S. Census 


i860 


U. S. Census 


1870 


U. S. Census 


1880 


U. S. Census 


1888 


School Census 







This table shows that the large increase in the growth of the State is in Cook 
county. The detailed exhibit given later shows it to be confined to about 250 square 
miles, or to Chicago and its immediate vicinity. 

The population statistics are presented in two compilations, one pertaining to the 
basin of the Illinois river and the other to the basin draining to Lake Michigan. The 
latter gives various aggregate useful in considering the area and the population which 
may be served by a drainage channel to the Desplaines and lUinois river: and, also, the 
probable growth of such areas or districts in the immediate future. 

IlililNOIS BlVER WATEBSHED. 

The area of the Illinois river basin is 27,914 square miles. The population in 1880 was 
about 1,200,000, and the increase to 1888 about 70,000. 

The compilation has been completed only down to the Copperas Creek dam, and is 
subject to revision. The area is 15,254 square miles, and the total population in 1880 was 
679,273. The increase to 1888 was 43,475. 

The following tables are made up from the United States census of 1880, giving the 
population of counties, and also of cities, towns and villages. They present the results 
in detail for each important tributary basin, and also for the aggregate area of the several 
basins. In compiling these results, all communities of over 5,000 population are classified 
as cities, those from 5,000 to 500 as towns, and those of 500 to 50 as villages, the remain- 
der being rural. The tables are accompanied by such remarks as will serve to interpret 
their significance. 

Th '■ changes to 1888 are computed from the county returns of the school census as 
reported by the State Superintende t. These returns are for the population under 
twenty-one years of age. The reports for Cook county and for the city of Chicago, give 
also the total population of those districts. 



U. S. Census of 1880. 
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The State Superintendent estimates the total population of the State at 3,700,000, the 
xi.'cimber under twenty-one bein^: 1,669.640. The population in Cook county is 1,071,020, 
XiYxe number u der twenty-one being 446,953. The population in the State at large would 
to© 2.629,000. and the number under twQnty-one 1,222,687. The population would then be, 
oxit«ide of Cook county, 2.15 times the number imder twenty-one years of age. This 
p^tio is applied to the county returns in estimating the population for 1888. 

T e following table gives the population of counties situated wholly or in part upon 
"tlie Illino's river watershed, down te the Copperas Creek dam, about 26 miles below 
i*eoria bridge, or the foot of Peoria lake. 

Illinois Biveb Watebshed Counties. 



County. 



1880. 



1888. 



Change. 



Bemarks. 



^^^cHenry 

X^ke 

^^Cane 

-OuPage 

ook 

^^^ankakee 

roquois 

'ord : 

livingston 

rrund V 

lendall 

~,i=:-»eKalb 

i^Salle 

^aureau 

Jt*utnam 

-^tf arshall 

IJ^oodford 

Jgeoria 

^?azewell 

-McLean 

Total 



24.914 
21.299 
44,9.% 
19.187 



.30.924 



53.431 
25.050 
:i5,457 
15.105 
38.453 
16.7:« 
13,084 
2«»,774 
70,420 
33.189 
5.555 
15.036 
21.6:30 
65.427 
29.679 
60,115 



<K6.823 



24.308 
21.283 
52.761 
22.052 



36.603 



61.746 
28.208 
34.660 
16.358 
38.558 
21.689 
11.216 
23.826 
80.244 
33.587 
4.539 
13.556 
22.262 
60.236 
29.442 
62.963 



700,097 



-606 
- 16 

+7,805 
+2,865 



+5,679 



+8,315 
+3,158 

—797 
+1.253 

+105 
+4,951 
-1,868 
—2,948 
+9,824 

+398 
—1,016 
—1,480 

+632 
+4,809 

-237 
+2,848 



+43,274 



f All west of meridia > of 
I west boundary of Cicero, 
^ and including also the 
I lownships of Rich and 
I Bloom 



It will be noticed that those counties without large towns or cities, or mining indus- 
tries, have decreased in population, while those counties containing large communities, 
or mines, have increased. Such cities as Joliet, Aurora, Streator, Bloomington and Peoria, 
have grown rapidly, far more so than indicated by the increase in population of the 
counties in which they are situated. The increase in Grundy county is due tolcoal 
mining. A large community has grown up at Spring Valley and vicinity, in Bureau 
county, but the balance of the county has considerably decreased. La Salle county con- 
tains several cities which have grown more or less, as, likewise, Kane county. The por- 
tion of Cook coimty given has decreased largely, except in four townships, containing 
suburbs immediately west of Chicago. The same is also true of Du Page county. 

In all these counties the decrease is assignable to special causes, and it is found that 
the urban increase is considerably in excess of the county increase,— in other words, 
that the centers of population have grown at the expense of the coimtry. The rural 
population seems to have decreased quite generally,— from three to five to the square 
mile. In many cases, too. the villages and small towns appear to have decreased. Taking 
the normal growth of the country at large, the growth should not have been less than 
25 per cent for the past eight years, or the increase in the counties tabulated should 
have beeen 164,000, instead of 43,475. 

The absolute loss in growth in rural population is no doubt partially due to the re- 
markable growth of Chicago, but more largely to emigration to the new territory in the 
west, and it is probable that this movement will continue for twenty or thirty years, or 
until all the new lands are taken up, when the rural population will increase in density 
with a subdivision of farm areas. The change in distribution of population as between 
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*' rural and urban iKipulatioDS is doubtless due. In part to the increased application ot 
maehlnery to aBrioulture, by which the necessary labor can be performed by fewer 
hands: in part to the rapid chanKce in trans portalion facititles. and in the methods ol 
doloK business, bj' which the oeodB of the county can be served (roro fewer and larger 
oeoters; in part lo tho Increasing comforts of urban' life, and the greater ease with which 
lands can be held and managed from the towns, and perhaps from ihat economic policy 
which bas so sreatly stimulated nuiDuf natures. The significant fact is the Rrowing ne?d 
of sanitary provision with urban increase, and the number of cities of large size irhloh 
the Illinois rivor basin will contain. It is also worthy of note that Cook county oontalnB 
one-half of the urban population of the State, as ealhered In communities of sufScient 
size to require special sanitary consideration and provision. 

In distributing tho population between the several watershods. after all attainable 
information is used, considerable juderaent must bo exorcised, especially In regard to 
the increase during the past eight years. The results, however, as given by agKregates, 
con not be materially in error. In all eases, when not otherwise spoeiiled. the population 
tn ISSO is intended. 

The areas are computed from the large county atlas maps of Illinois, and from the 
State maps of Indiana and Wisconsin. The watershed line ot the Desplaines above 
Lookport is from actual survey. 

Kanbaeee Biveb Basin. 1880. 





Area, 


Cities. 


Towns 


J;^,,.| KunAi. 


1 


i 


C'ou 






? 


Pop 


?| Pop. 


^ 


Pop. II 


Pop. 




Iroquois.... 


3.0W 

2,540 
606 


; 


6,11)6 
6,651 


II 10,318 

11 9,BI4 
3 3.OS0 




S,.M7 20 

Ii7(i|27 


40,790 
lfi,39T 


n6,.17S 
81.86.t 

2s,m 


-1,124 

+3.131 

+2,302 


Ini3iaiui, 
Kankakee 


WiU. etc.. 


Totals .. 


5,146 




11, Sib 


25 23,112 


&1 


i4,ab|a;« 


llJ.af. 


1M,112 


+4.308 





The Iroquois and Kankakee basins in Indiana are as follows: 



Designatloa 


Kankiikee. 


Iroquois. 


Totals. 


Area— Square Miles. 


2.212 


828 


3, WO 


-. 


1 


II 






,i 






..^ 


1,155 




















70.81)7 















A largo proportion of the Iroquois and Kankakee watersheds in Indiana is marshy, and 
■with a sparse population. A considerable proportion of the headwaters ot the Kankakeo 
is in well populated territory, with some growing communitlBs. Concerning tho changes 
In population in the adjacent coimtles ot niinoia and the ebaracter of the territory In 
Indiana, the population for 18B3 is interred. Considerable shifting of population has oc- 
anrred [rom the country and villages to the larger towns and cities, and several stations 
on new railway lines have been established. 

Below the great dam. just above ■Wilmington, the area is 330 square miles and tho 
popalation. including Wilmington. 7/iSO. ot which S.BOO Is rural. Down to a point just 
above the city ot Kankakee. i& square miles and about eoo rural population should be 
added to the sum of the Iroquois and upper Kankakee basins, Down to Homence, the 
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DEBPI.AINBS BiTBB BASIH, 1880. 



BMta. 


Area 


Cities. 


Towns. 


Til- 


RUBAL. 


1 






f 


Pop. 


? 


Pop. 


s 


Pop. 


|S| P„. 






Mi 


, 


11 M- 


i 


6£ 

if 


11 


2,546 


21 


i 


11 


+8:^ 


Wiflconsl^ Lake Co. 


Total.. 


1392 


■ 


11 »T 


■• 


"■'" 


51 


8,820 


32 


n.m 


81.167 


fir,620 





The basin iDi.ludes the aj 
Iw range line through Bumi 
The basin m W in, onsln 1 
Area, square miles 
Ttll^ea 6 
RiiFat population 



a tributary M the Dlinois and Miohigan Canai weet of tt 
t and the Ogden-Wontworth dam. 
as follows; 



. 810 
. 3.em 



Total population 4.410 

The population. In Lake eounty has not materially ohauged in elsht years, and it is 
Msumed that die conditions are the same In WisGonsin. bo the total population in the 
iPDer Deeplaines show no increase. If there is any uhantie. It la in the growth of uri>an 
popuiatioiiat the expense of the rural distrlote. 

The purely rural dlalricta of Cook eounty have decreased. The townships of H^ne, 
■jftyden. ProvlBO, and the north tier of sectlona in Lyons contain suburbs of Chicago and 
Bnoiv an increase. Suburbs in DuFa^e also give an incre^e. The net Increase Id Uie 
'>asia from Lake county to Summit is 5,152. 

From Summit lo JoUot the increase is almost wholly at Letaont. with some additions 
from suburbs in DuPage county. 

The increase in the baain to Lake Jollet la aasume 
'""wn, however, that Jollet has doubled in population, 
resumed. 

3%e increase in the DuPai^e basin Is due to Chlcaeo suburbs, and Is assumi 
'"tiro Increase to the Illinois river, the junction with the Kankakee. 
The DuPaee river basin ii as follows: 

Area,3quare miles 

Towns. 5 5,607 

Villages, 10 2,234 

Bural population 11,409 



_____^ 










Fox BivBB Basih. 1880. 








Area. 


Cities. 


Towns. 


JS.. 


Bdbal. 


: 7 


It 

f 








Pop. 


? 


Pop. 




Pop. 


.1 


Pop. 




* tlL Biver 


93) 
201 
638 


i 


8.780 


; 


6.059 


; 


4,155 
4; 623 

1.417 


ij4 

32 

27 


leiist 

6,160 
10.616, 

14,687 


44.282 
2B.I39 

21.726 
21.113 


-600 


Stge of "^0^- 


*otata.. 


2.700 


2 


20,604 


IB 


n,B33 


78 


'"" 


2854 


77.645 


140,706 


+5.1)78 





The popuUUon ot 18f8 In oountieB bordering Wliconaln doen not Indicate any mate- 
rial obail£e since 1880 of the populallon of the basin in Wleconsln. 

Aurora. Elgin and Batavia have about doubled in population and Oeneva and other 
towns have notably ln{;reased. The rural populaUoa has decreased. The net reenlls 
are shown in the table. The ebange in the agKregate Is lees than four per aent- 

The staClBtics tor the basin in Wisconsin are slven in the first line of the above 
table. 

IxxiNois RivEB Basin, 1880. 
lOmltllnK the Desplaines. KanlCLlcee and Fox.) 





Area. 


Cities. 


Towns. i_iGEa. 


IilT..,\L. 


:| 








Z 


Pop 


P 


Pop, 


f 


Pop. 


B5 


Pop. 




AuiSable to 


218 
138 

m 










i 


891 
1,688 


IS 

a 




fi,«4 

12,410 
18.830 


-900 

+4.846 

+200 

+4I)( 

+4,000 

+a.ooo 




^lfo*i?i«.,'.° 


1 


7.817 


i 


3.567 


6 


1 

J5I 
887 


Gniudv, Livingston. 
Gi^ndy.LttSaUe^.:::: 


gjr^/^ 


^ 


13K 
380 
J. 1)64 






LaSalle, Livingston. 


Total,., - 


2.m 


■1 


afi,3B2,U;21.577 


41 


7.ilBS 


ff? 


893 


123,489 


12.810 



The populallOQ in the mining diBtrlots and In the larger towns and eitlea Is greater 
Uian the table Indicates, as the rural population has sensibly decreased. Streator has 
grown notably. Ottawa has also grown coneidctabty. The mining districts in Orund; 
and adjacent counties have increased notably. Considering all these matlers the net 
change is estiruated as given in the table. The total increase is about ten per cent 
The Yeimllion basin above Streator gives quantilles approximately as follows: 

Area, square miles 1.1U& 

Villages, 21 4,iw 

Towns. 4 6.601 

Rural 28,090 



38.746 





„ 


CITI.S 


TOWNS 


VlL- 
LAOBS. 


RUBiL. 


Ft 


1 






F 


Pop 


? 


Pop 


f 


Jop 


P 


Pop, 




To Henne- 
„plil. 


480 
344 

m 




5.057 




4.929 


3 

U 

9 


2,805 
1,431 
1,64(1 
1,051 

898 


2li 
27 

24 
22 
32 
32 
28 


4.211 
13.840 


30,574 
10.134 
17.904 

3.690 
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A Keaerel increase la towna and oltlea and a decrease In rural population bas oooi 
red. The piincipBl Increase is In Bprlns Creek valley, a mlnlin j; district of Bureau coun 
and In the city ol Peoria. 

The (oUowJng general fabJe givos the aggregatB reaultH for the entire basin down i 
Copperas Cieek dam. 

The asKregate basin" of (he lUlnois in Indiana and Wisoonslu Is as follows: 

Total areB,aquftro miles 1,110 

1 city 6.195 

30 towns 22.587 

US villageB 12,677 

Eiir^I %,278 

Tolal population 1S7,7S7 

These quantities, taken from tbe aggregate of the table, give tl 
basin wltbin the State ol Illlnole. 

Iu,iHOiB BiVBB Basin. (Recapitulation.) 





CmEe. 


TOWSB. 


Jg^'b Rolui. 


IS 


Pi 




BaslD. 


Area.! 2; 

if 


Pop. 


p 


Pop. 


rh-i;; 


Pop. 




|ii 


SIO.. 
l.iCtil 1 


■n:.« 


in 


;..7S2 


VX, -Jis IBBliMH 


3Xt'.r>23 


ill 




IsEt;:::::;:: 


^•;-:||" ■■ ■ " -'■. ■■■" :;;; ■-■!|'*JS?lp§ 


^Ti?SS-:v:::. 




'■'■'■' '■ 




" 


*"■"■■■' 


»»,»|. 


IkV^ 


«?j,OT 


«,475 


To CipperoH Creek 



It will be noticed that over one-halt the Increase in population is in cities and towUB 
Dpon the Fox and BeRplaines. and within a comparatively short distanoe ol Chicago. 

The Increase la urban population In cities and towns is probably double the aggre- 
gate increase given for the tolal basin. 

The urban population In 1880 was about 40 per eent ot the total population. At the 
present time it appears to be about 50 per cent. 

Lake Hichioan Watebshed. 
The 16 townships' ot Cook county already tabulated,— all west o! range lino through 
Summit and went houndary ol Cicero, and also Rich and Bloom.— have an area of 547 
miles, with a population of 30.924 In 18X0, and 36.603 in 1388. If Thornton. Bremen, the west 
four tier sections in Worth, and New Trier, be added, It wlQ include all of Cook county 
outside what is usually called the Metropolitan area, a total area ot 669 square miles 
with a population of Sfi/ilO in 1880 and of 46,SM in 1888. The Metropolitan area includes 
270 square miles, and a population ot 568,854 in 1S80. and ot l,02t,643 In 1888, 

The area draining into Lake Michigan is in two bonins, the Chicago river, extending 
into Lake county, and the Calumet, reaching with its branches into Will county and 
into Indiana. 

The area draining into the Chicago rlvor north and west ot the Metropolitan area is 
fHHt miles, including a population of 3466 (two villogeE of 285 population includedl, from and 
The Hotropolltan area 2U2 miles witli a population ot K9.40S a total area of 289^ miles with 
« popuUition of 562,864. In 1888 tbe population had iocreosed 415,830 In the Metropolitan 
area and diminished 185 outside, a total increase of 415,645, and a total popidatlon of 
978,509. 

Thfi area draining to the lake direct, north of the MetropoUtan area, in Cook and Lake 
-onnties, in 63 miles, with a population as follows: 

Towns, 4 6,648 

VIllogOB, 3 960 

Rural 2.306 

Tot^ population 3,904 
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This had increased 1297 in 1888, and the total population was 11^1. 

The area outside the Metropolitan district, in Cook and Will counties, and tributary 
to the Calumet, is 270 square miles with a population as foUows: 

Towns, 2 1.042 

Villages. 10 2.488 

Rural 8.912 

Total population. 12.442 

This had increased 497 in 1888. 

The Grand Calumet in Indiana is included in the summary of the Calumet river. Its 
drainage is uncertain, but. under usual circumstances, into Illinois. The total area is 
4S0 square miles with a population as follows : 

Towns. 4 7.420 

Villages, 18 3.178 

Bural 10,069 

Total population. 20.667 

The increase to 1888 is probably inmiateriaL 

The Metropolitan area draining to the Calimiet is 68 square miles, with a population 
of 9446 in 1880. increased to 49.405 in 1888. 

The total Calumet basin is 788 miles, with a population of 42.555 in 1880. and of 83.011 
in 1888. 

The total area going to the lake from the Illinois frontage is 1141 miles. The total 
population was 615.323 in 1880, and 1.072.721 in 1888. 

The metropolitan district has a length from north to south of 2S}^ miles, and an ex- 
treme width of 13}^ miles, the area being 270 square miles. The population in 1880, 1886 
and in 1888. and in Cook county at large, is as follows: 



Designation. 


Area. 


1860 


1870 


1880 


1886 


1888 


Metropolitan 

County at large.. 


270 
669 


121,949 
23,005 


319,640 
30.326 


568,854 
38.670 


. 878,057 
39.345 


1.024.643 
46.377 


Cook county — 


939 


144.954 


349,966 


607.524 


917.402 


1.071,020 



The population outside the Metropolitan area which pertains to Chicago, or is purely 
suburban, will make the total city and suburban population equal to 1,039.000. 

The population on the Metropolitan a'-ea in 1888 was distributed as foUows: The sta- 
tistics are given by congressional townships, as in school census, except where they 
overlap the city. 

Metkopolitan Disteict. 



Designation. 



Area. 



Population. 



Bemarks. 



Niles 

Evanston 

Jeflferson 

Lake View 

Cicero 

Lyons and Lake 

Lake and Hydo Park 

Wor'h 

Calumet and Hyde Park. 
South Chicago 

Outside Chicago 

Chicago 

Total 



23 
10 
35 
11 
25 
36 
35 
12 
36 
10 



233 
d;7 



270 



2.850 
11.485 
11,409 
42.339 
13,926 

1,907 
97,671 

2,340 
22,617 
15,448 



221,992 
802,651 



1,024,643 



On^tting sec. 36, ann'xed to Chicago 

T6'87th* street!! !!;!.*!;!!.*.*;!! !!!!;;!! 

Two east tier of sections 

including sec' 36) Jefferson !!!!!!!! 
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If a district bounded by two miles north of city limits, the west boundary of city 
extended north and south and three miles south of city limits, be taken, it will have an 
area of 69 square miles and a population as follows: 



North of city limits 43,347 

South of city limits 81.728 

125.075 

Chicago 802.651 

Total 927.726 

The greater proportion of the population outside the city limits is on the adjacent 
32 miles north knd south, and the growth is more strongly in these directions than to 
the west. 

If a sanitary district be assumed so as to conform to political boundaries so far as 
the watershed will permit, it may be delimited as follows: North, one mile south of 
Evanston and Niles; west, along range line west of Jefferson and Cicero to south line 
of Lyons; south, along south line of Lyons and Lake to one mile east of Western ave., 
then northeasterly to Jackson Park. The area of such a district is 161 square miles, of 
which 52 square miles are sewered. 

The population of this district in 1888 was 959,300. The district north had 15,935 on 41 
square miles. The Calumet district had 49,405 on 68 square miles. 

The population of the district in 1886 was approximately 824,000. In 1880, it was 
549,20 , the district north having 10,200 and the district south 9,450. The population in 
the sanitary district was 310,177 in 1870, and. 117,442 in 1860. 

Should the district be extended down the Desplaines to the boundary of Lyons, 
about 23 square miles additional may be included and about 1,200 population in 1888. 

The population in the Sanitary district is distributed approximately as follows: 





1886. 


1 8. 


Remarks. 


Tributary to lake, practically all sewered 


86.00'» 

697,000 

41.000 


1 7,0(W) 

800,000 

42, 3(H) 




Sewered to Chicago river and branches 




Tributary to river, but unse wered 








Total population 


824,000 


959.300 








North of Madison street 


322,500 


400,000 


Sewered. 







There is some sewerage in Cicero, tributary to the Ogden-Wentworth ditch and thus 
to the river system, which is not considered in the above. 

All the population tributary to Chicago river and branches is also tributary to the 
Illinois and Michigan Canal, by means of the circulation occasioned in the North Branch 
by the Fullerton avenue conduit, whereby its contents are discharged into the South 
Branch and, with the sewage of the South Branch, carried to the canal by means of 
the circulation induced by the pumping works at Bridgeport. There is a small popula- 
tion tributary to the North Branch above Fullerton ave., but there is little sewage as 
yet from this source. This is moved do a n by the land water which is very little at low 
Vater. The population tributary to the South Fork was 75.000 in^ 1886. This has in- 
<?reased somewhat in 1888. This fork has only the circulation due to storm water and 
t;he water supply. Little sewage enters to the West Fork and this is sufficiently 
'^liirculated at present by the water through the Ogden-Wentworth ditch. 

The estimates of population north of Madison street bridge are useful in interpreting 
"^lie condition of the river at that point. 

Other sanitary districts are feasible in Cook county. The Calumet basin is a natural 
istrict which may be sewered by a channel drawing water from the lake and passing 
lirough the Sag to a junction with the Desplaines channel. An Evanston district on the 
orth is possible, also drawing water from the lake and tributary to a Chicago channel, 
he Desplaines river basin immediately above Summit is an additional district which 
An be drained in a dilTerent manner. Growth of population will, in time, demand 
roper provis on in all these districts. 

— o 
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POPULATION INCREASE. 

The indications are all that the rural or country population is decreasing, the in- 
crease behie: confined to the larger communities and the mining districts. The aggre- 
gate increase in the State outside of Cook county is small, some 159,000. when it should 
be about four times as great. Even including Cook county with its great growth, the 
aggregate increase for the entire State is still nearly 200.000 short of the normal increase 
for the whole country. 

The causes which may be assigned for this condition have been already discussed. 
It does ,not seem probable that the growth will become normal for twenty or thirty- 
years or until the arable lands in the territories and new states are occupied, if the 
present economic conditions are to continue. 

If the present population of the metropolitan area be taken at 1,025,000, the increase 
in two years has been 147.000. and for eight years 466,000. The probable population for 
1890 may be assumed at 1,175,000, an increase of 606,000 in ten years, or greater than the 
population of 1880. 

The population of the sanitary district assumed has increased 410,000 in eight years^ 
and 135,000 in two years. The population in 1888 was 959,000. and the prospective popula- 
tion in 1890 is 1,090,000. 

The population of the city has increased 300,000 in eight years, and 100,000 in two- 
years, including 10,000 annexed since 1886. The probable population on the present city 
area is 890,000 in 1890. 

The population of Cook county was 1,071,000 in 1888, a growth of 464,000 in eight 
years, and of 154,000 in two years. The probable population in 1890 may be assumed at 
1,230,000, or more than double that of 1880. 

If an increase of 200,000 be assumed for the State outside of Cook county, or 2,670,000' 
in 1890, the total population will be 3,900,000. of which Cook county will contain 31^ per 
cent. In 1900 Cook county will contain about 40 per cent of the total population of the 
State. After that the relative increase will probably be slower, and it is doubtful if 
Cook county ever reaches 50 per cent, of the State. 

In considering the growth of population, the entire community should be taken to- 
ascertain the normal rate. The growth on any given part of a metropolitan area is apt 
to be spasmodic for any rapid increase or boom in a given direction is soon arrested 
by rapid appreciation of property or other causes. Taking communities as a whole,, 
their growth by decades is remarkably steady after they reach a certain stage. 

If the community centered around New York be taken, the growth has not varied 
materially since 1840, from 470,000 per decade; Philadelphia, except for the civil war. 180,- 
000; Boston, 100,000, and St. Louis, about the same as Boston since 1850. These incre- 
ments show a tendency to some increase for this decade. These results indicate that aik 
increment does not diminish after a certain period of growth, or a community has- 
obtained its majority. There is no reason, therefore, to suppose that Chicago will 
ever diminish its rate of 600,000 per decade, having attained that rate in the present 
decade. If the rate for the last two years be taken, the deceninal increase will be at 
the rate of 750,000. 

In the growth of cities, however, the decennial constant is approached gradually. 
The past growth of Chicago as yet showfe no tendency to constancy, as the past tJiree 
decades have been 200,000, 250,000 and 600,000 respectively. The great fire probably re- 
duced the increase 1870-80 by 150,000. Although in the periods before a constant rate 
is attained irregularity is often noticeable, still the indications are that Chicago will 
continue to increase its rate for some time to come. 

The statistics of population for the last five two-year periods when reduced to a 
normal rate, show that the increment is increased 15,000 each two years; in other words,, 
that the increment of 90,000 for 1880-82 has increased to 150,000 for 1888-90. The last 
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column of tlio following tablo givcH the future population by this rule, while the first 
two columns give the constant rate as in the older cities, the first at 600,000 per decade 
and the second at 750.000. The figures indicate the population in thousand?. 



Metropolitan Area. 



Year. 


Increment 

600.000 
per decade. 


Increment 

750,000 
per decade. 


Normal Growth.. 


1890 


1.175 
1.295 
1.^15 
1.535 
1.655 

i.rrs 

1.895 
2.015 
2.135 
2.255 
2.375 


1.175 
1.325 
1.475 
1.625 
1.775 
1.925 
2.075 
2.225 
2.375 
2.525 
2,675 


1.175 


Ig92 


1,340 


]8>4 


1.520 


1896 


1.715 


1896 


1.925 


1900 


2.150 


1902 


2.390 


1904 


2,645 


1906 


2,915 


1908 


3.200 


1910 


3,500 






3,000.000 in 


1.920 


1,915 


1,907 







If the causes of Chicago's rapid growth are fully considered there is no reason ap- 
parent why it should not continue somewhat as in the last column until a population 
of three milUon or more is attained. Then she should continue to grow with the in- 
creasing density of the country at the normal rate of 30 to 33 per cent, per decade, or 
at 25 per cent, if emigration ceases. This means that the decennial increment is not 
likely to be arrested short of one million for each ten years. If this be the case, 
Chicago will overtake the New York community in 20 to 25 years, and in time be- 
come the biggest city of the world. The great and resourceful area tributary to Chicago 
makes all this possible, and if proper statesmanship directs her energies it is rendered 
probable. It is simply the problem of maintaining the healthiest and cheapest city in 
which and from which to do business. 



TRIBUTARY BASINS AND STREAMS — GENERAL SUMMARY\ 

The Illinois river is formed by the junction of the Desplaines and Kankakee rivers, 
9}^ miles above Morris, the northern tributary heading in Wisconsin and the eastern 
heading in Indiana, the two enclosing the head of Lake Michigan Uke the branches of 
the letter Y. The junction is 51.3 miles from Lake Michigan by the general course of the 
Desplaines river and the nearest route therefrom across the land to the lake. 

The following table gives the areas of the several tributary watersheds and the 
points lit which their streams join the Illinois. These areas are computed from the 
county atlas maps of the State and the state maps of Wisconsin and Indiana. They 
include also the river front proper to the points designated. The distances are taken 
from the city and U. 8. surveys, and are computed from the head of the Illinois. The 
bank is right or left going down the stream and is indicated by R. B. or L. B. 
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It will be noticed that thirteen triOutaj-ies. each exceeding four hundred miles Id 
area, carry 23,699 miles or Si ppr cent, of the drainaee. and that the direct drainage to 
the lUlnoIa is Bmall. The lUinoia basin is really a series ol basins rather than a homo- 
Keneous whole. 

Above Peru, about 94 per eent. of the area lies in Ove basins. Prom Peru to Cop- 
peras Cruuk Cam. Bureau Creek and Mackinaw River carry about halt the area of l.f' 
miles. From.Copparas Creek Dam to LaOranBo Dam, Spoon Biver. Sangamon River Md 
Crooked Creek add 8,925 out of 9,S65 miles. Below LaGraoKe, three tributaries <!BiTf 
over 70 per eent of the area. ' 

It the lower IIIIdois be divided into three nearly equal diTlBions, the tributarf 
drainejTo to the middle division is almost exactly the same ae the total waterslied abore 
Peru, and over two-thirds of that below Peru. The other two dlvlilons reooive bull' 
per cent of the total watershed, and only 30 per cent of that of the lower river. 

The upper third of the lower IlUnois Is then practically under the drainage condltloU 
of the uijper bnsiu, whilf the lower third Is modjtled by the equal centra basin, wJiW' 
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virtually extends across the State. Aside from these two main basins, the remainder of 
the watershed is largely direct shore or slope drainage. 

In all studies of the Illinois river proper, these characteristics must be considered, 
as also the influence on floods, in the lower division, of the backwater from the Mississippi 
river. 

THE DE8PLAINES WATERSHED. 

The Desplaines unites with the Kankakee just east of ihe west boundary of Grundy 
county, to form the Illinois. It drains an area of 1392 square miles, almost wholly within 
the counties of Will, DuPage, Cook and Lake, and in Kenosha county, Wisconsin. 

The general direction of the basin is north and south, with a length of 90 miles, and 
a greatest width from east to west of about 25 miles. The watershed contains three 
characteristic or true basins,— the Desplaines proper, Salt Creek, and the DuPage river. 
In a strictly topograpical sense, however, the Desplaines basin does not extend farther 
south than the great boundary ridge of the lake basin, which crosses the old outlet in 
the vicinity of Willow Springs, or this basin is within the rim of the lake watershed. 
Normally, therefore, the drainage south of Willow Springs pertains to the outer slope of 
the main ridge, and to this class belong the considerable areas drained by Hickory and 
and Jackson creeks. The Salt Creek basin normally extends southward nearly to Willow 
Springs, between the ridges now drained to Flag Creek, but the stream broke through 
a gap north of Western Springs, and now crosses the slope of the Desplaines basin to 
Kiverside. 

Considering the manner in which the surface conflguration of this portion of the 
State has been formed,— a series of troughs left between morainic ridges by the retreating 
glacier,— the topography is better understood. The several minor watersheds would then 
"be depressions between the ridges, gradually closing, running out to the northward in 
a general flat ridge, as the theory indicates. Thus, there is the ridge which hmits the 
Desplaines watershed at Dresden, opposite the mouth of the Kankakee, extending north- 
^ward and uniting with the main ridge to enclose the DuPage watershed, a second ridge 
uniting northward and deflning the Salt Creek watershed, and flnally, the eastern ridge 
of the Desplaines watershed, which, however, does not clope upon the headwaters of the 
Desplaines, a summit slough draining northward, as well as southward, to Boot river, 
ivhich empties into Lake Michigan at Racine. 

This general series of ridges closing or uniting northward is characteristic, and is 
Illustrated in the divisions of the headwaters of the Chicago river and in the lake ridge 
now undergoing erosion, from Winnetka northward, uniting with the east ridge of the 
Desplaines watershed west of Waukegan. 

All these ridges terminate to the south, are virtually cut across by the old outlet 
channel which drained these troughs and the glacial waters, afterward the three upper 
lakes from the bay which covered the site of Chicago, down what is now called the 
Desplaines valley below Summit. 

The mother rock underlying the whole of the Desplaines watershed, except its ex- 
treme lower end, is the Niagara limestone. The Cincinnati group extends up the Des- 
plaines and DuPage rivers five or six miles from the mouth. The watershed is then 
underlaid with impermeable rock, except a very limited portion of the southern end 
which carries some water, the Cincinnati group and possibly the lower strata of the 
Niagara, if of the same horizon as the rock underlying the clay beneath Chicago from 
which considerable supplies are obtained. 

These ridges and intermediate deposits overly the rock from 20 to 100 feet in thick- 
ness, and, as was to be expected, are in the main unstratifled as they were left by the 
retreating glacier, though a greater tendency to stratification is exhibited as th© streams 
in the lowest levels are approached. As the great main channel is approached, the tend- 
ency to stratiflcaiion is more pronounced; beach, terrace and gravel deposits occur, the 
latter behind gaps in the ridges, as at Plainfleld, where the escaping waters left only the 
heavier material. As a whole, however, the portion of the Desplaines watershed which 
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contains formations which will absorb any considerable proportion of the rainfall and 
deUver it eauably to the streams as ground water, is very limited and confined for the 
most part to the lower end of the watershed. 

The action of the original forces would leave the surface of the slopes in folds or 
rolls, the tops of the ridges in knobs and depressions, the bottom of the trough, the 
present stream, nearest to the eastern or innermost ridge. These depressions, these 
hollows, would drain into each other through the lowest lines, or the sloughs, build 
up, through vegetable growth and sedimentary deposition, into flat praries, while the 
rolls and knobs would leach out, become more friable, marly, and, together with any 
superficial deposits of sand or gravel, become the sites of groves and belts of timber. 
The farther, north, the ridges closing on each other, becoming broader and flatter, the 
more characteristic this development, the larger depressions producing great bogs, 
swamps and lakes. In time, as the sloughs cut down, prairies would become dry. 

This whole conception is fully borne out upon the Desplaines watershed,— dry prairies, 
prairies still wet, peaty bogs and swamps, small and shallow lakes becoming so, and 
lakes so large and deep that wave action maintains their integrity except in sheltered 
areas, all with more frequent belts and groves of timber northward. 

This condition of things in nature makes the surface more absorbtive, and to a greater 
depth, and arrests the waters, deUvering them more equably to the streams and main- 
tains from the overflow of lakes and ponds and the leachings of swamps and bogs a 
better low water volume. The clearing away of the timber, the drainage of the wet 
prairies, the reclamation of bogs and swamps, removes the water faster, destroys the 
reservoirs of low water supply. 

None of the watershe i can be considered hilly or precipitous, although where the 
old outlet cut through the ridge, from Willow Springs to below Lemo nt, it has that ap- 
pearance. Beyond the top of the bluffs, however, the usual characteristics of gentle 
undulations are observed. The lower part of the watershed was originally one-fourth to 
one-third timber, increasing northward to one-third to one-half the area. 

The upper Desplaines valley above the Ogden-Wentworth dam, near Summit, has an 
area of 631 square miles and a length of 62 miles. This includes the Salt Creek valley 
which breaks through the dividing ridge near Fullersburg, its atea above this point 
being 110>6 miles with a length of 26 miles.* 

The fall in the flood plane of the Desplaines is 90 feet in 60 miles, or at the rate of 
1>6 feet per mile above the Lyons dam. The fall in Salt Creek is at the rate of 3 feet 
per mile for 18 miles above the Fullersburg dam. From the Fullersburg dam to the 
Lyons dam, in the pool of which Salt Creek empties, the fall is 41.3 feet, about 8 miles 
by the course of the stream and 5 by direct line. The Lyons dam is 24.2 feet above 
Chicago datum, or low water of Lake Michigan as adopted by the canal trustees in 1847. 

Both the Desplaines river and Salt Creek, in their courses through Cook county 
above Summit, are very direct, without any material development in crooks and bends. 
They have very little width of flood plane, are virtually deep groves in the prairie, and 
extreme high water rises nearly to the prairie level In Lake county the Desplaines 
shows more uneveness in grade, with some bottoms in places, more Uke natural lakes 
drained out than a flood plane excavated by erosion. At Riverside a rook barrier is 
crossed with a descent of about 14 feet in three miles. A dam exists at this point, and 
also at Half Day, in Lake county. There is also a dam at Fullersburg, on Salt Creek. 

The lower Desplaines extends from the Ogden-Wentworth dam to the junotion with 
the Kankakee, a distance of 41.6 miles— a total fall of 105 feet at low water and about 6 
feet less in flood. The area is 758 miles, of which 172 lie above Dam No. 2, at Joliet, the 
area draining to the canal below Summit being included. 

The drainage of this portion of the valley is in the old outlet, virtually a channel of pass- 
age for thirty miles without other tributaries than the bluff drainage. In flood, a ^rtion 



*The normal valley of Salt Creek continued between the ridges down Flaff Greek 
would give a length of 36 miles, and an area of 135 miles. 
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the waters flow to Lake Michigan over the present artificial divide, the Ogden-Went- 
" "Ciirth dam, by the Ogden- Wenthwerth ditch, which was designed to drain the Mud Lake 
:^ «ion lying between the Desplaines and Chicago rivers. 

In nature, the Mud Lake divide was near Kedzie avenue, Chicago, five miles east of 
t:»-e Desplaines at the dam. It was overflowed in floods for a wide extent, the surplus 
^^aters going to the west and south forks of the South Branch of the Chicago river. 
^flCud Lake itself had considerable depth and was the route followed by the early French 
^ 3plorer8 and traders, and for these reasons no doubt the Desplaines was surveyed and 
~«8erved as a navigable stream to Lyons bridge. 

Probably at one time, the entire upper Desplaines, and even as far south as the rook 
outcrop above Lemont, drained to Lake Michigan, the same as the Calumet basin now 
cloes. The south branch of the Chicago river to Bridgeport originally had a capacity 
X>roportioned to such a condition or about the same as the Calumet from a similar area, 
^nd the bed of Mud Lake for a long distance bears every indication of having been the 
^>ed of the Desplames. The indications in the Desplaines valley below Summit, as pre- 
^viously explained, are all indicative of recent occupancy by the present river. 

There are many ways in which the long flat divide at Kedzie avenue could have been 
t^uilt up and we believe there is a tradition that the bearer was concerned in the matter. 
Ill any event, the work once initiated, natural sifting would carry it on until the waters 
"^^ere turned out the old pass. 

At the present time, a larger proportion of the flood waters of the Desplaines escape 
to liBke Michigan than under former conditions, for, though the dam is supposed to be 
^t the old level of the natural divide, it is close to the Desplain3S with a comparatively 
^ee channel of escape by the Ogden- Wentworth ditch. 

The channel of the lower Desplaines is abnormal, or is determined by the conditions 
left by the ancient channel. In the "twelve-mile level," below Summit, there is practi- 
^^ally little grade at any sfege of water and the bed is the old remnant, or slough, among 
ttie boulders and in rock pockets. Thence to Lake Johet, no channel has been cut by 
th.e present stream farther than to denude one to three feet of superficial deposits over- 
lying the rock. For ten miles above Lake Joliet, the descent is at the rate of eight feet 
Per mile. Lake Joliet and Lake DuPage are long, deep and wide pools, aggregating 
<>ver eight miles and without sensible fall, entirely beyond any present forces or le- 
^u.irements. Between them are three miles of slope and one-half mile beyond Lake 
^^Page, over rock, the Desplaines unites with the Kankakee to form the Ilhnois. 

The dams across the Desplaines are as follows: Daggett's Mill, one-half mile below 
'^ockport; Dam. No. 1, ten feet high, belonging to the State, Joliet; Dam No. 2, eight feet 
*^eh, one-half mile below Dam No. 1, also belonging to the State, and Adam's Dam. six 
*eet high and less than a half mile below No. 2. Formerly a dam existed at the foot of 
■•-•^e Joliet at Treat's Island, and also one at the foot of Lake Du Page. These have long 
•^een abandoned. 

The State dams form two pools, aggregating a length of one and one-anarter miles. 
^ Which the Illinois and Michigan Canal crosses the Desplaines river. 

One mile below Dam No. 2, Hickory creek is tributary from the east, draining an 
^I'ea some 18 miles long and of 130 miles. Jackson creek enters from the east, near the 
"^^outh of the DuPage, draining an area 10 to 12 miles long and of 86 miles. Both of 
^^se streams belong to the outer slope of the rim ridge of the lake basin. 

I'rom the north, the Du Page enters four miles above the mouth, drainiDg . a basin, 
^^luding Rock Creek, 40 miles long and 366 miles in area. This stream descends' rapidly 
^Ona Plainfield, but no detailed information is at hand. The canal crosses in a pool 
j^^'ined by the erection of a dam eleven feet high at Channahon. and formerly a feeder 
^iH for the Joliet level existed above. The flow of the stream is better maintained in 
^3r seasons than that of the Desplaines at Johet. 

The following tabular exhibit gives the distances, areas of drainage, elevations referred 
^ Chicago datum and high water in the Desplaines river. The distances are given from 
"*^^ mouth of the stream and the elevations of low waters are + or — according as they 
^^ above or below Chicago datum, the low water of 1847 in Lake Michigan. Highiwater 
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is in feet above low water. The areas are given to characteristic points and include that 
tributary to the canal below Summit; also river frontage over distance between points 
designated. 



Point Designated. 



Distance 

from 
mouth. 


WATEESHFT). 


Elevation. 


Area. 


Total 


Low 
Water. 


High 

Water. 

1881. 



Remarks. 



Bowmanville Cut-oflf.. 

Riverside Dam 

Brewery Bridge 

Ogden- Went worth D.. 

Willow Springs 

Sag 

Walkers Quarry 



Romeo 

Lockport 

Dam r^o. 1 

Dam No. 2 

Adam's Dam 

Hickory Creek 

Head Lake JoUet 

Foot Lake Joliet 

Jackson Creek 

DuPage River 

Head Lake DuPage .. 
Foot Lake DuPage.... 

Illinois River 



J60.0 
43.6 
42.6 
41.6 
35.2 
30.4 
28.8 
23.0 
19.2 



14.6 



13.6 
12.0 

6. 

4. 

4. 

3. 

0. 



.8 
.8 
.0 
.6 
.6 



0.0 



i40 

190 

3 

1 



39 
156 



16 

4 

130 



86 
366 



630 
633 
631 



673 
'790 



806 
810 
940 



1.026 



1.392 



33.0 

24.2 

11.0 

8.0 

8.0 

8.0 

8.0 

0.0 

-22.0 

-42. 

-52. 

-60.5 

—67.5 

—77.0 

-77.3 

-87.0 

—88.8 

—90.0 

-90.3 

-93.7 



.3 
.5 



17. 
5. 
8. 
7. 
7. 
6. 



Near south line, Maine. 
Salt Cr'k.% miles above 
Navig'ble stream begins. 
11.7 above datum 



4.8 


3.75 


4.9 


6.0 



5, 
4, 



11.8 



« • • ■ ■ 



••••••••«« 



15.7 



Rock escarpment . 

Level of lake 

Norton's Tail race 



i 



High water on dams. 
r Low water actual 

Low water, 1883, taken 

below Joliet. High 

water estimated 

from best informa- 

Below Lake 

is backwater 

Kankakee in 

hi^hwater 

Junction Kankakee 



tion. 

JoUet 

from 



The first area in the table includes the proposed diversion of the floodwaters of the 
Desplaines as contemplate I by bill passed by the General Assembly in 1887. The route 
was along the south boundary of the town of Maine, down the vaUey of the North 
Branch and to the lake from Bowmanville, across Lake View north of Ravenswood. 
An additional area of 60 miles of the Salt Creek basin was also included in the esti- 
mates, or a total area of 500 square miles out of 634 above Summit. This project con- 
templated continuing the ordinary dry weather flow southward. 

The Ogden- Wentworth dam at the Desplaines is a little more than four miles from 
the present city limits of Chicago and some six miles from deep water in the branches 
of the Chicago river. It is ten miles direct to Lake Michigan at the nearest point. 

There is no considerable area of true bottoms along the Desplaines below Summit. 
Down to Lake Joliet, the stream has not out a natural bed, or the banks are of Uttle hight» 
and the stream overflows widely for a half mile or more except on the steep slopes 
in the vicinity of Lockport. The State works conduct the waters through the city of JoUet. 
Aside from a limited area where Hickory Creek debouches there are no bottoms sub- 
ject to overflow until the foot of Lake JoUet is reached, except a marshy fringe border- 
ing the high ground on either side. In the seven mUes below the lake to the Kankakee, 
true flood plane bottoms occur, mostly on Treat's Island and about the motith of the 
DuPage. These, Uke all bottoms built up by overflow, are at mean extreme water and 
are overflowed in an occasional year. These bottoms are all within the range of back- 
water from the Ka ^kakee and are only overflowed in case of floods from that stream. 

The area from Lake JoUet to the Grundy county Une is acres, of which Treat's 

Island contains acres and the DuPage bottoms — ^ — acres. 

The flood discharges in the Desplaines have been taken at Riverside and at Joliet, 
in some cases by actual observations, but generaUy from the high water marks giv ng 
the depth flowing over the dams. Such results, if carefully deduced, are reliable within 
a small percentage. The volumes are given in cubic feet per second, the usual unit of 
engineering measurement. 

The flood which culminated at Riverside, on April 21st, 18S1, is the most notable of 
recent years. Its volume lyas 13,500 cubic feet per second. Floods of nearly equal mag- 
nitude have occurred in other years, for which the notes are not at hand. 
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The hif^hcst flood since 1881 culminated on February 9th, 1887, with a volume of 
10324 cubic feet. It fell to 8.000 feet on the 10th. to 7.000 feet on the llth and by the 16th 
had dropped to 2.000 feet, rising again on the 19th to 5 .74 feet. 

Every five or six years for 50 years, thete has occurred a flood upwards of 10,000 
cubic feet in volume. The memoranda are not in hand at this writing. 

The ordinary yearly flood as deduced from marks at the Lyons dam, is 6,000 to 7,000 
cubic feet per second. 

From the Fullc^rsburfi: dam, on Salt Creek, the four highest floods in thirty yeara 
give results, as follows : 

1876—2,860 cubic feet per second. 

1881-2.7JM) 

• 1886-2.612 

1887— Feb. 10—2,860 cubic feet per second. 

The mean may be taken at 2.800 cubic feet It will be noticed that if the volumes of 
floods were in proportion to areas of basins, the flood at Riverside corresponding to the 
above should bo 16,000 cubic feet. This is not true, however, for reasons previously 
fi^ven. The rule applied in basins of similar characteristics would give 9,000 feet. Thift 
ratio may apply for r^ln water floods, but in case of melting snow, with difference in 
latitude, as in all the larger floods, the problem does not yield to analysis. 

The floods in Joliet are estimated from the hight on the three dams, and the result* 
check each other closely. The following notable floods have occurred: 

1877, April 7—6.410 feet per second. 

1881. April 21-6.550 ' 

1883, Feb. 16—6,370 

1887, Feb. 11-5,775 

The highest mark in 21 years at Dam No. 1 gives 6.550 cubic feet. The mark pointed 
out by Mr. Adam above Dam No. 2. to which the water has reached three times in 30 
years, gives 5,860. The normal extreme flood may be taken at 6,300 cubic feet per secondr 
occurring probably four times in thirty years. 

The flood of 1887, which reached its hight on February 11, with a volume of 5,775 feet, 
fell to 1,460 feet on February 16, and rose to 5,385 feet on the 19th. If these volumes be 
compared with those for Riverside, some idea may be formed of the volume escaping to 
liake Michigan through the Mud Lake region. 

The volume flowing through the Ogle-Wentworth ditch, as measured at Kedzie ave- 
nue in February, 1887. was. on the 10th, 7,800 cubic feet; llth, 4,636 feet: 14th, 1,625 feet; 
18th, Um feet; 19th. 3.042 feet 

An ice gorge on the Desplaines on the 9th and 10th of February, affected the amount 
of water turned toward the lake, but it is apparent that in large floods not less than half 
the volume of the Desplaines passing Riverside goes to Lake Michigan. All the informa- 
tion ()btainal)le also indicates that it was not materially different before the ditch was 
cut. The railway embankments across the Mud Lake valley have been compensated for 
by th(^ triad ual enlargement of the ditch, an operation which will continue in the future 
with an increasing discharge toward Chicago. 

The present dam is 11.7 feet above Chicago datum, or 3.7 feet above low water, and 
3.5 feet below high water of 1881. When the water in the Desplaines stands at the crest/ 
of the (lam. the flow down the Desplaines is 800 to 1.000 feet per second, depending upon 
whetln'r the water is falling or rising, or on the condition of vegetation in the "twelve- 
mile level." Above this volume, the proportion escaping to Chicago increases rapidly 
with the hight of flood, and for this reason the floods passing Joliet are more uniform 
in volume, one year with another, than at Riverside. 

No data are in hand in regard to the flood volume from the DuPage. With this it 
would he possible to estimate closely the normal extreme flood from the Desplaines 
into the Illinois river. This probably does not much exceed 12,000 cubic feet per second. 

It may be assumed thus that the normal extreme flood is, at Riverside, 12,000 feet; 
at Joliet mw feet; and at mouth of river 12,000 fee \ Any flood above two-thirds theso 
volumes would be a notable one; and probably average floods, one* year with another^ 
do not exceed this. 
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If the Chicago outlet were closed so as to turn all the water southward, the volume 
at the mouth of the river would be about 20,000 feet, upon the basis of 12,000 feet for 
Riverside; and at Joliet, the volume at Riverside would be increased by one-sixth. 

The shape of the Desplaines basin, (long and narrow,) and the fact that it covers a 
<}onsiderable range in latitude, materially decreases the volume while increasing the 
duration. After heavy precipitation, the maximum flow will come from the immediate 
body of the watershed, while the flow from headwater will come in to sustain the volume 
and prolong ^he flood. In 1887 the river was falling at Riverside before the flood had 
<;ulminated in Lake county. The melting snow on the northern portion of the basin will 
maintain the flow for several days after it has melted and run away from the southern 
portion. In 1881 the flood maintained its height nearly for four days, and lasted about 
^1 days. The ground was practically saturated when winter set in, and about one foot 
of water in the shape of ice and snow accumulated, and all ran out or melted during 
three weeks, at a temperature a little above freezing point and without material rain. 
The southern portion of the watershed was entirely bare before the northern snows 
began to melt. For this reason the flood volume held measurably constant, even toward 
the sources of the stream, until the snow at headwaters began to be exhausted. Tae 
<}onditions presented in this flood are of extraordinary occurrence only. On August 10th, 
1867, a downpour of remarkable intensity and purely local to the watershed immediately 
north and east ot Joliet, produced for a few hours an unprecedented flood, carrrying 
away the guard bank of the upper pool and inundating a portion of the city. 

These extraordinary occurrences do not, however, extend over wide areas, and for 
this reason their effects are local rather than general. If they did, the results would be 
vastly beyond experience upon large streams. Still, to the extent that extraordinary 
•occurrences may be in a measure simultaneous in a long period of time, is due those 
great effects that may occur in a generation or h century. In these matters, the law of 
probabilities comes in with its grand and certain averages as much as in apparent acci- 
dents and insurance. 

The dry-weather flow, or low-water volume, is very smaU, as has already been in- 
ferred from the physical characteristics of the watershed. In 1887, Salt Creek was en- 
tirely dry at FuUersburg. The Desplaines, at Riverside, reached a minimum of 4.27 feet 
per second (256 feet per minute), and for five months did not exceed 1,000 feet per min- 
ute. The stream has been known to be lower than this, but has never wholly run dry. 

In 1879, a discharge taken by Mr. Matthewson at Romeo, four miles above Lockport, 
gave a volume of 5.65 cubic feet per second (339 feet per minute). The minimum volume 
at Riverside would not be increased, in fact, might be diminished, in passing through 
"the twelve-mile level," by evaporation and vegetation, in the run to JoUet. Three hun- 
dred feet per minute may be assumed as tbe mean extreme low water at Riverside and 
at JoUet, with a volume below 1,000 feet for several months of nearly every year. 

For several years, owing to leakage in and about the Ogden-Wentworth dam, no 
low-water flow has gone below Summit for some months of nearly every year. This was 
the case in 1887, and also, we believe, in 1888. The ice interests below Summit have al- 
ways remedied the matter in time for the winter ice crop. 

No estimates have been made of the low water below Joliet, nor of the DuPage at 
Channahon. The DuPage is known to sustain its flow much better than the upper Des- 
plaines, due probably to considerable area of permeable gravel beds, and to springs 
from the underlying rock in the lower part of its course. The Desplaines, below Joliet, is 
also under similar conditions. It is presumed, however, that the low- water volume of 
the Desplaines, at its junction with the Kankakee, will not be increased to over 17 to 20 
feet per second (1,000 to 1,200 leet per minute) for its mean extreme low- water, and that 
it will run under 50 feet (3,000 feet per minute) for some months of nearly every year. 
The minimum of twenty years will probably be less than that given. 

The effect of inhabitation has already been forecast. The draining out of the wet 
prairies, bogs and marshes, the clearing away of surplus timber, will make the floods 
-come auieker and of greater height, and their duration will be shortened. The flow of 
the stream wiU be less sustained or the low water period much prolonged. In prolonged 
dry seasons, or in a succession of such seasons, the only sources of supply wiU be the 



lakes, as tho bogs and marshes will dry out and the permeable beds to feed springs 
ar© of limited extent and readily exhausted. The minimum flow at Riverside and at JoUet, 
win probably reduce to one-half or two-thirds its present volume, 

The flood volume reaching Joliet will probably not increase, owing to the peculiar 
situation at Summit, by which an increasing proportion is likely to flow to the lake in 
the future, if the present comlitions and tendencies remain uncha* ged. The flood oon- 
ditions at Joliet would be the same as those above, provided the waters were pre- 
vented from reaching Lake Michigan, but this would increase flood heights at Summit 
by four or five feet. If the lands along "tho twelve-mile level" were drained by cutting 
the rook escarpment at Lemont, a matter of no serious cost, the same results as to 
floods would o tain m Joliet. 

The amount of surface washing or silt from the tiUed ground will also increase, but 
these will not be largely carried southward beyond "the twelve-mile level" under 
present conditions, but will go for the most part into the Chioajro river. Should, how- 
eyer, the changes be made as stated above, they would build up the Desplaines bottoms 
below Summit and ultimately flU up lake Joliet, until the prism is reduced to the require- 
ments of an alluvial stream, a velocity in flooil approaching two miles per hour in place 
of less than one-half mile as at present. 

The remarks in regard to flood increase will also apply to the basin below Joliet. 
Owing to tiie conditions under which floods come from abo\^, there will be no radical 
increase. The low water volume in this portion of the stream will be better sustained, 
as tlie permeable beds are of greater extent upon the lower watershed. Tho rock water 
win not alter materially in volume. The area of pond or lake is, however, very limited. 
The siting from the increased supply of detritus will reduce Lake DuPage, as already 
intimated, in regard to Lake Joliet. 

As a whole, the floods will probably be somewhat increased at the mouth of the 
river, but to no considerable degree, unless the entire Desplaines is turned southward. 
The silts carried away will ultimately increase considerably. The minimum volume will 
probably not reduce beyond one-half or two -thirds the present amount. Had we records 
of the primitive conditions, it is likely that material changes would now be evident. 

These changes are likely to reach their limit in flfty years. After that, the area in 
trees is hkely to increase rather than diminish, the effects of drainage will • have been 
fully developed, tne ponds and lakes will not be farther reduced,— may be increased.— 
and the general permeability of the surface will increase with the fuller development of 
the country. Tho water supply to towns and villages from sources not now contribut- 
ing will ultimately reach the streams. 

All these conclusions are based on the supposition that no radical change be made 
in the old outlet such as restoring thereto a part of the outflow of the great lakes, and 
also without regard to the present contributions from the Illinois and Michigan canal. 

Tho hydrography of the Desplaines basin has been discussed at length on account 
of its very important relations to any plans for the increase of flow from Lake Michigan 
at Chicago, and also to the economic and sanitary problems of that city and its 
environs. 

The Kankakee Watebshed. 

The Kankakee unites with the Desplaines to form the Illinois, after running for two 
miles in Grundy county and just west of the Will county line. It drains an area of 
5J46 miles, 3,040 of which lie in the State of Indiana and the remainder in Illinois, prin- 
cipally in Will, Kankakee and Iroauois counties. 

The general direction of the basin is east and west, with an extreme length of 216 
miles and a greatest width from north to south of about 70 miles. The watershed may 
be considered as one basin lying between the main rim ridge of the lake and the outer 
lidfife of the Lake Michigan glacier, these two ridges closing in Indiana in harmony with 
the effects of the Saginaw and Lake Erie glaciers. Although the general area is not 
sub-divided by well defined ridges, 2,000 square miles drains to the Iroauois, the main 
tributary, and some 650 miles to the Yellow river, in Indiana, also a tributary from the 
south. There are no other weU defined tributaries from the south except Horse Creek, 
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an area of about 100 miles, entering the stream four miles above Wilmington. All the 
northern tributaries are in small watersheds of 50 to 100 miles, and are simply drains for 
the slope of the northern bounding ridge. 

Below Momence on the Kankakee and the north line of Iroquois county on the 
Iroquois, the streams descend rapidly and the general slope of the country is ample 
for good drainage. This area is some 770 squai-e miles, and its general characteristics 
are similar to the Desplaines watershed. The same may be said of some 430 miles 
along the slope of the northern ridge east of this district. The remainder of the water- 
shed, nearly 4,000 miles, is flat or gently rolling and at least one-half in marsh, wet 
prairie or lake, the Kankakee marsh alone covering about one thousand miles as a 
single body of land. 

The larger proportion of the basin is underlain bv the Niagara limestone, with pos- 
sibly some Devonian and Carboniferous beds under the upper part of the basin in Indi- 
ana. The lower coal measures underly the headwaters of the Iroquis and it is supposed 
that the series of rocks adjacent to the great anticimal axis may be upturned in narrow 
outcrops beneath the drift in the southwest portion of Iroquois county. From Momence 
on the Kankakee and the county Une on the Iroquis, the Iroquis and Kankakee are cut in 
the Niagara limestone as far as the Will county line and thence to t e mouth in the 
ehaly calcareous beds of the Cincinnati group. 

Owing to the depth of the drift, the character of the underlying rocks is not well 
defined over a large poition of the basin. They do not belong to groups carrying any 
considerable water bearing strata, although the lower courses of the Niagara and the 
Cincinnati group may furnish a limited supply to the lower Kankakee. The copious 
supply from shallow artesian wells, flowing water from the base of the drift, is supposed 
to come from the upturned edge of the St. Peters sandstone, unable to find an outlet 
through the impermeable clays of the u^per drift. Tdis area is limited and in the south- 
west portion of Iroquois county, a region drained by Spring Creek, a oonsi'erable tri- 
butary of the Iroquois river. Doubtless as the name of this creek indicates, some of 
the pent up waters find their way to the surface. 

Geological studies indicate above the rock edges at Momence and on the Iroquois, 
an old trough from Lake Michigan, several miles in width. The course of this channel 
is southwesterly, gi'adually curving westerly under the site of Bloomington and to the 
valleys of the Sangamon and Illinois. The surface featmes left by this old channel are 
almost obscured by the last glacial period, the channel is entirely filled and obliterated. 
It represents same earlier glacial track and it may have had the same relation to the 
valley of the Sangamon and the great central basin of the State that the last glacier had 
to the present Illinois. 

The drift overlies the rock, genera ly to a depth of not less than 100 feet, its depth 
not being well ascertained over the upper basin. It is unmodified or arranged by flow- 
ing water in large part and to that extent is n t water bearing. At the same time there 
are probably a arger depth of suporrlcial deposits of a permeable character than in any 
other basin of the Upper II inois watershed. 

There is a larger proportion of sand and gravel beds upon the ridges and through- 
out the watershed. Glacial flow has more or less arranged tne deposits above the un- 
modifled drift over a considerable proportion of the lower areas. The drainage of the 
retreating Saginaw glacier, and perhaps of the Lake Erie glacier also, flowed down the 
valleys of the Kankakee and Iroquois in a shallow bed, several miles in width, carrying 
all the finer clays and leaving only the heavier sands and gravels. The shores of these 
old streams are ridged in sand, the outlines of the present great marsh in Indiana, of 
the valley of the Iroquois, and these sand deposits continue down the deep cut valley 
below the junction, especially on the south side, well down into Grundy county. 

The character of the drainage upon the nor' hern slopes has been already alluded to. 
To the south it is much flatter and greatly diversified in marsh, lake and roll. This is 
true in a remarkable degree of the watershed of the Yellow river in Indiana, and to a 
less degree of the Irotiuois in Indiana, and in Iroquois and Ford counties, Illinois. 
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The banks of streams, the ridges and the higher and more permeable areas with 
natural drainage have been generally wooded, especially in Indiana. Some of the sandy 
deposits have, however, been too barren to sustain any considerable vegetation of any 
kind. 

The surface is ge erally covered to a good depth with soil, though, as already in- 
ferred, much of it partakes of a sandy character. The great areas of marsh a'*e virtually 
p:airies in process of formation, in a manner not unhke that pursued by nature in past 
afires. 

The great marsh in Indiana demands special notice. It heads very near to the big 
bend in the St. Joseph river at South Bend, Indiana, and indeed the St. Joseph valley 
•is but the jjoneral continuation to the E. N. E. of the Upper Kankakee valley. It would 
be a matter of no great difficulty to turn he waters of the St Joseph across the por- 
tacre and down the Kankakee, a route followed so often by the early French voyageurs. 
Already a portion of the marsh has been drained across the portage to the St. Joseph 
river. 

The elevation at the summit is 145 feet above Lake Michigan. The head of the 
present marsh is 141 feet above the lake, or 104 feet above the dam at Momence, and the 
declivity is very uniformly distributed over the general length of the marsh, 82 miles, 
.^ving a grade to the valley of 1.27 per mile. The width of the marsh varies from one 
to twenty miles wi'h an average of about ten miles, an 1 its mean elevation is 90 feet 
above Lake Michigan. The area of lands which would be benefitted by the reclamation 
Of the marshes as assessed by the Kankakee Valley Draining Co., was about 1,000 square 
miles. An official report made to the Governor of Indiana in 1882, gave the lands to be 
directly reclaimed at 400,000 acres or 625 square miles. 

The same report gives the character of the underlying deposits. The soil proper, is 
a dark, sandy loam, ranging in thickness from one to five feet, underlaid by fine sand, 
increasing downward to coarse sand and gravel, with occasional thin clayey layers, aU 
to a deptli of eight to ten feet. No rock was encountered in any portion of the valley. 

Father Stephan, who was long interested in land leclamation, gives the length of the 
river in Indiana at 242 miles while by the general course of the river it is but 88 miles, a 
development in bends of over 2^ times the general length, the average grade being 
about five live inches per mile. Down to Momence, the stream \\'ould be 252 miles in 
len^rth, on a course of about 95 miles. 

Above the Ft. Wayne railroad crossing, the stream flows through the marsh without 
-well defined banks, and it is only after its junction with the Yellow river that it can be 
properly considered as a river. Above the junction, the area is 1,300 square miles, 
equally divided between the Kankakee and Yellow rivers. This area is about 60 per 
cent, of that above Momence. The small tributaries are usually lost in the marsh before 
reaching the main stream. 

r~ From the junction of the Yellow river to Momence, the general distance is 60 miles, and 
the fall 57 feet, or nearly one foot per mile. The developed length is probably about three 
times the general course of the stream. The stream is a clear, flowing body of water 
with a depth of three to five feet at low water, and with a sandy, gravelly bed, 

At Momence are two dams, on opposite sides of an island, the crests three feet above 
the limestone outcrop in the bed of the river above. The river drops to eight feet below 
the crest of the dam in one-fourth mi e, and in a rock bed falls 20 feet more in 14 miles, to 
the junction of the Iroquois, after passing the dam at Waldren, 6^^ feet high. The total 
area of the watershed is 2,540 square miles, of which 2,342 miles lie above Momence, and 
24212 miles in Indiana. 

The Iroquois has an area of watershed of 2,000 miles. It is of steep declivity over 
. rock for about five miles through Kankakee county, but above this the stream is of little 
graAe and of good depth, navigable, in fact, to Watseka, the junction of Sugar Creek, 
Above this the stream is more broken, and comes directly from the east, the area in 
Indiana being 828 miles. The area at Watseka, including Sugar Creek is, roughly, 1,500 
miles, or three-fourths the total watershed. 

The principal tributaries below Watseka are Spring Creek and Longham's Creek, both 
heading in marshy areas in Ford county, and Beaver Creek, a marsh-draining stream. 
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The large proportion of marsh upon the Iroquois watershed has already been alluded to. 
No data are at hand in regard to the elevations, hight of floods and volume of water ^ in 
this stream. 

The lower Kankakee, at the junction of the Iroquois, is nine feet above Lake Michi- 
gan, and descends rapidly over a rock bed to its junction with the Desplaines, 93.8 feet 
below Lake Michigan, a total fall, in round numbers, of 103 feet in a distance of 33^ 
miles, or about three feet per mile. There is a precipiteus descent of some 20 feet at 
Altorf, and another of like amount at Wilmington. The drainage tributary is 606 square 
miles. 

The following table gives the distances from the mouth of the river and the eleva- 
tions at low water, referred to Chicago datum. The data at hand are somewhat con- 
fusing, but the results are beUeved to be approximately correct: 



Place. 



Distance. 


Elevation. 


0.00 


-93.7 


2.25 


-89.1 


5.26 


-67.6 


6.00 


—58.5 


10.00 


—49.5 


11.50 


-37.0 


21.50 


-37.0 


22.50 


-17.0 


30.00 


+ 1.0 


30.00 


+ 9.0 


33.50 


+ 9.0 


35.00 


+16.0 


47.25 


+29.0 


47.50 


+37.0 


54.50 


+40.0 


82.50 


+79.0 


107.00 


+94.0 



Remarks. 



Ilhnois river 

County Line 

State dam (above) 

Dam No. 1 (above) 

Dam No. 2 (above) 

Dam No. 4 (above) 

Foot of rapids 

Altorf 

Kankakee City 

II < I 

Mouth of Iroquois river 

Waldron 

Momence 

State Line 

Baums Bridge 

Mouth of Yellow River. 



Junction with Desplaines 

East Une Grundy county 

Feeder of Canal 

Kankakee county, 12 ft high. 

Wilmington, 11 feet high 

Great dam, 16 feet high 

t)am destroyed 

BhIow dam 

Above dam 

In Kankakee pool 

Above dam, 6% feet high 

One -fourth mile below 

Pool, above dam 

General distance 

i I < « 

It « ( 



The Kankakee feeder joined the canal in a course of 4H miles from the State dam, 
at an elevation of 68 feet below the Chicago datum. In conjunction therewith, the navi- 
gation company improved the river to the head of the pool created by the Great Dam 
above Wilmington, 21 miles from the Illinois and Michigan Canal. The company aban- 
doned the structures some years since, except those necessary for water power in 
Wilmington, and Dam No.l has been cut down two feet. The feeder was abandoned by 
the Canal Commissioners in 1888, and the dam is in bad condition. Dam No. 3 at Wil- 
mington is on the opposite side of the island from No. 2. It will be seen that the 
Kankakee is crossed by dams at seven points. 

The general hight of the immediate banks of the stream in Indiana is not found, 
but in one report it is stated that a rise of eight feet will flood the marshes for several 
miles in width. At the State line high water is about six feet, and on the dams at 
Momence 0.83 feet, and immediately below two feet. Below Momence, high water i? 
reported at ten feet, and below the mouth of the Iroquois not over eight feet, until near 
the mouth of the river. This no doubt varies, being less on the quick descents and 
more on the easier slopes. In 1887 the water rose 10 feet at Wilmington, below the lower 
dam, and at the mouth of the river nearly sixteen feet. 

The banks of ^he riyer are stated to be fifteen feet high at Momence, growing higher 
as the stream is descended. At Kankakee the^ are stated at twenty-five feet, increasing 
toward the mouth to thirty-five feet. There are some Umited areas of bottoms between 
Momence and Waldron, but practically none from Waldron to the mouth; in other words, 
no overflows occur on the Kankakee below Momence. 

The data in regard to the flow of water in the rivers of the Kankakee watershed are 
very meager. 

The flood volume at Momence can only be inferred from the hydraulic conditions as 
set forth in various reports. It is probably not far from 6000 cubic feet per second 
at the high water mark of an occasional year, or this may be assumed as extreme mean 
high water, beyond which floods will not occur once in a generation. 
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Consitlering the fact that 2342 square miles of watershed are above Momence, or 45- 
per et^nt of the total area of the Kankakee basin, this volume is remarkably small, and 
shows the impounding effect of the Kankakee marshes. Were all the conditions norniaU 
the flood volume at Momonce would be about 26,000 cubic feet per second. 

The practical effect of the marshes is similar to that of a lake, reducing the extreme 
volume and prolonging the time of floods, while at the same time a considerable propor- 
tion of the waters is retained to maintain the ordinary flow ol the stream. The highest 
waters in the marshes occur in summer, when vegetation retards the ready discharge^ 
though it is doubtful if this corresponds to the greatest volume carried by the stream^ 

At Wilmington, the flood of 1887 culminated on February 19th, with a volume over 
the great dam of 25.150 cubic feet per second. A rise of less hight occurred on the llth^ 
It was this earlier rise, in combination with the rise which culminated at JoUet on the 
11th, that gave the high water at Mori is on the 11th, r2th and 13th. The second rise at 
Morris, on the 19th, came within one foot of the first, but the flow of water from the 
Desplaine.s wa<* less. The high water of 1887 is regarded as a remarkable one, the high- 
est for ten years at Wilmington. 

Mr. E. 8. Waters, who was engineer for the Water Power Company, gives the high- 
est water which occurred for the twelve years ending 1883. His results indicate a maxi- 
mum flood of 35,000 cubic feet per second. The breaking of an ice gorge above the dam 
In 1883 occasioned a temporary discharge of over 100.000 cubic feet per second. 

Two of the most notable floods occurred in 1851 and in 1867, tne latter accompanied 
by an ice gorge, and referred to at Wilmington as the greatest known. Other remark- 
able years were 1830, '37, '44, '53, '58' '69, "76, and '81, though all these dates have not yet 
been verified. This would give twelve notable floods from 1830 to date, or an average of 
one each Ave years. 

Some of these have doubtless exceeded 30,000 cubic feet per second, and this may be 
assimied as mean extreme flood volume. Probably any flood exceeding a volume of 20,00(> 
cubic feet would be classed as a notable one. 

The area of basin above Wilmington ig 4,926 square miles. Were its characteristics 
similar to those of the Desplaines basin, the flood volume at Wilmington should ex- 
ceed 47,000 cubic feet per second. 

If 30,000 be assumed as mean extreme flood, these volumes would be increased about 
four per cent, at the mouth. 

Owing to the area of the basin and its large proportion of flat ground and marshy 
floods culminate slowly. At Wilmington, the floods generally take two and a half to 
three days to culminate after heavy general precipitation. The following extract from a. 
letter from Mr. E, S. Waters, engineer of the Waterpower Company at Wilmington for 
over twelve years, and who was interested in observing such matters, covers all that 
need be said upon the matter at this time. 

"It is difficult to give any deflnite answer to your inauiries for the reason that the 
winter and spring freshets bring the storm waters to Wilmington sooner than the sum- 
mer or autumn j ains. Usually, after a heavy general rain, the river begins to swell in 
about eight hours after a heavy downfall, the river becoming blackish roily, such water 
coming fr« m the drainage valley of Horse Creek. Twelve hours after the storm, the 
river swells still more, retaining the same general color which is caused by waters 
from Kock Creek. The Upper Kankakee [probably below Momence] brings down clearer 
water so that the color of the freshet water is made materially lighter in color. The 
freshet reaches its hight in about 36 hours from commencement of rise, and the waters 
will then fall a few inches until the Iroquois waters again swell the river, such water 
making its appearance in from 86 to 40 hours, and being light yellow in color, caused by 
the wash of the clay banks on the Upper Iroauois." 

"A heavy rain that flUs the marshes of the Upper Kankakee will keep up a good 
supply for six weeks even in time of extreme drought. These marshes act as a large 
gathering ground, and the exit from the marshes being narrow and the stream very 
crooked, the water is impounded and the marsh acts as a reservoir." 
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It is to be inferred from this letter and also from the general conditions that the 
"Upper Kankakee does not contribute materially to the maximum volume, but (fbmes in 
later to prolong the rise. 

The extreme low water at Wilmington for the twelve years preceding 1883, from data 
furnished by Mr. Waters, was 420 feet per second (25,200 feet per minute.) This, how- 
ever, continued for less than one week. The usual low water run is given at 1 300 cubic 
feet per second (7 ,000 cubic feet per minute) and the common run for eight months in 
the year does not fall below 2,350 cubic feet per second (201,000 feet per minute.) 

On September 9, 1867, a measurement was made near the mouth of the river in con- 
nection with the survey for the improvement of the Illinois river. The volume was 
27,377 cubic feet per minute. The streams are said to have been lower in 1867 than for 
the preceding twelve years. 

Two measurements were made above Momence, December 12-13. 1871, for the Kanka- 
kee Draining Company, and the volumes ascertained have been used as the ordinary 
flow of the stream for the purpose of computing the capacity of ditches for draining the 
marshes. The measurement at the State line gave 1,271 cubic feet per second (76,260 
cubic feet per minute), and at Momence, 1,457 cubic feet per second (87,420 cubic feet per 
minute.) The flow for eight months is probably in excess of these volumes. They are 
not far, however, from what Mr. Waters gives as ordinary low water at Wilmington and 
it is known that this is maintained largely by the flow from the marshes above Momence. 
No data are in hand in regard to the flow from the IroQuois. 

The mean extreme low water at the mouth may be taken at 30,000 cubic feet per 
minute. The volume has been less than this twice if not three or more times in thirty 
years. It is probable that the minimum will run under 76,000 cubic feet per minute for 
some months of nearly every year. 

The effect of inhabitation w 11 be most marke 1 upon the flow of waters from the 
Kankakee basin. This tributary, more than any other, and in a degree only approached 
"by the Fox, is the controlling factor in the regimen of the Illinois river as far as the 
mouth of the Sangamon. More, also, than any other will its regimen be radically 
changed by the reclamation of its marshy afeas and the general improvements that 
will be made in the drainage of its lands during the next flfty years. 

In a minor and desultory way, much has already been done to make apparent the 
tendencies. The borders of the great marshes have been narrowed, drainage districts 
have organized and put ditches through large areas, minor areas have been ditched by 
local owners and lands tiled, everywhere and constantly, the tendencies are to destroy 
the reservoirs which hitherto have maintained an eauable flow. Already it is noticed 
that floods "come quicker" than formerly and the low water's volume is less sustained. 

All this drainage is easiy accomplished, the only obstacle being that association of 
effort which has not hitherto proved practicable. The great bodies of marsh all have 
ample grade, the waters are impounded by the rank vege.tatlon upon the considerable 
slopes, the streams are sinuous lines or sloughs, which void the water slowly; in fact, 
we have in the Kankakee basins great prairies in process of formation in a manner not 
unlike that by which prairies have formed in the past. Gradually they grow higher, im- 
perceptibly the water is more largely'conflned to the line of drainage, the stream grows 
more defined and capacious, discharging the waters more rapidly, broad expanses, over- 
flowed in high water, succeed, the wet p;airie stage is reached. The channel is deflnod, 
it crooks and loops about in order to keep its grade down, so that its velocity shall not 
exceed the limit for a stable channel. With this process, however, there comes a time 
when the growing capacity of the stream is greater than is consistent with stability, 
when the increasing velocity moves the material of the bed in a greater degree, bends 
erode, cut-offs occur. The equilibrium is destroyed, the stream concentrates, shortens, 
cuts deep in o the supr^rflcial deposits until its grade is reduced to stability, or non- 
erodable strata or sorted stream bed arrests its further deepening. T^e prairie is 
drained, a deep drainage line, perhaps a valley, is excavated, and lateral drains or val- 
leys are thrown out. This, in a few words, is the general process of evolution. 

The Kankakee marsh is a great prairie in process of formation, on a general slope of 
over one foot per mile, much too great for a stable river in an alluvial channel. It is 
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underlaid by inaiiy fort of uand and gravel. It has a sinuous drainage line, with all the 
^♦n'olopmcnt in longlh possibli.i withont its bt'nds looping into each other, and thus its 
t?rado and volcx-ity are redu<*cd ho as to be in tMiuilibrium with the material of its bed; 
tluis it maint^iins a stable course. A few <uit-ofTs, a shortening of the stream, will quick- 
en its velocity, set it to eriMJing its bed and banks, gather in more rapidly the overflow 
waters, and thus, in a few years, a radical change may occur. 

Jt is pmpused tj> cut down the rock barrier at Momenc(» and remove the dams. The 
State t)f Judiana is alrj'ady making provision ft»r the execution of a great main ditch, 
which will have three times the grade of the original stream and be much deeper, as pro- 
posed in tlui report of issj. 

Su<-h a ditch will undoubtedly drain the marshes. It will do more. It will enlarge, 
derpen: lateral drains will eut out through the marsh until the underlying clay 
is lejicln.'d, when the erosion will br l«'-s pronounced. Millions of yards of sand and 
.silts will be carried <lown the Kank.jker. will pass the heavier gra<ies of the Illinois and 
stop in the lower river. wlier«' pres«'nt natural forees will be imidequate to their re- 
moval. All this will <M'eur qui<*kly. within a few years tifter the main ditch is so devel- 
oped as to gather the wat«'rs. The marsh will })«-■! deeply drained, and man has only to 
iuitiat<' th«' efTort. 

All this in a minor d(»grec will oeciu* in the drainage of other marshes, but none of 
them are so <'haraeteristi(' or exten<led in the peculiar development described. 

While it may not be public policy to obstru<'t such operations, we must not be un- 
mindful of the ofTects. Jt is sometimes i)ossible to make the injury as little as consistent 
with the greater puri^oses to be aeconiplisht'd. 

No doubt within fifty years all the marshes will be n'claimed, the wet lands drained, 
the bogs, ponds an<l lakes reduccvj. The streams of the Kankakee watershed will then 
be subject to conditions differing radically from the present. 

It will have <iuit(? a large propoition of its area permeable to a considerable depth on 
comparatively level surfaces. This condition will reduce floods, distribute flow in the 
streams and make the low water more persistent as comparrul to some other basin like 
the I)(vsplaines for instance. At'the same time it lies in a uniform latitude, so that the 
wn<>ws will nudt over its ]>asin more uin'forndy and it lie ^ more nearly in the track of the 
•"Humuicr storms. 

Jt is doubtful if its Hood voIuukvs will be less in proportion. The ordinary flow will 

be bcttei- maintained on a<*coniit of the greater proportion of permeabh; strata. The ex- 

ticiiic low water volume in some years of iK?rsist<'nt or in suci'ceiling years of drought 

will be |>roiiortionally as low, as tin* peimeable aicas are of two little depths and the 

diJiins may not cut surtlcienlly de<'p to even get their full efTect. 

If these general ideas ]>e api»lied then there may be expected ultimately a flood 

volume at MouH'nce «>f m>t less than '2«I,<MM) cu}»ic feet per second, or f(mr times the 

piesent volume, aiid it will cnnie (juicker and be less prolongiul. At the mouth of the: 

river the volunu; will probably incn^asc; to ir),(MK» or r»o,(HM» cubiC; fcM^l per second, or be 

increased ov(m- fifty per out beyond present (extreme floods. 

The low water volunn; at th(5 mouth occuring in an occasional year may be less than 
•"►(Mio cubic feet p(M* minute, one-sixth of that now assumed, and it will probably be less 
than lu.ooo cubic feet per minut<^ in many yi.'ars. The Yellow river, many yt^ars ago, in 
its natuial condition, with its large development in lake and marsh and timber, gave a 
measured flow as low as JJ.i cubic feet per minute per square mile. This has sinc(^ no 
doubt sensibly reduced. The entire watershed will doubtless give less in time. 

A large proportion of these effects aie Uk<^ly to be brought about quickly by the 
wholesale draining of great marsh areas. Accompanying such operations will be an 
enormous incr<*as(^ in the supply of detritus until the drainage Unes are Anally established 
in natural e(iuilibrium. Even then the detrital load will be multipUed over the present 
amount, as the increased washings from the tilled and sandy ground will no longer be 
impounded in the adjacent nuirsh, but will go to the drainage channels. 

It will be seen liow radically detrimental to the interests of the Illinois valley may 
be the complete rei-lamatiou and inhabitation of the Kankakee watershed. 

— () 
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